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II
FORE WORD'

The fur f±hrance of a comprehensive shock ard vi-

bration program for the future needs of National Defense
depends upon the utilization of new ideas and novel

techniques. Moreover, to keep our designers and toch-

nologists in the forefront of applied science, it is

essential to disseminate pertinent information as soon as
it becomes available.

The contents of this Bulletin demonstrate splendid co-

operotion in prompt exchange of recently accumulated

knowledge in this field. The material asserdled presents,
als&, a study in contrast. Certain similarities and

differencos between field tests of ship: and other types

of military vehicles are discussed. In approach and point

of view, theBritish ship target trials are both revealing

and instructive to us. The procedures described end the

results obtained are impressive. Planning, organization,

and experience are represented in the trials routine.

The fact that over 90 percent of the recordings were

suitable for analysis, indicates a professional"know-

how" which is as yet beyond our ken.

Our full-scale quantitative tests are Just getting

under way. Plans and pro&.edures are still in the form.

ative stages. We are maturing throug: precept and

example.-sometimes the hard way, by trial and error.-but

we are acquiring knowledge., and our objectives ,re in

focus.

I1iu 
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THE TENTH SYMPOSIUM
Naval Research Laboratory

14 April 1948

ADMIRALTY FIELD INSTRUMENTATION

FOR SHOCK AND VIBRATION INVESTIOATION

By

J. Pausey, R. N. S. S.

There is presented an outline and discussion of the instruments used by the

Royal Navy in conducting ship target rrials. Relative merits of the measuring
devices employed and the manner of processing the reaulting dAta are described.

It became apparent quite early in the in the minesweeper H.M.S.*BORDEduringa

recent war that the effects of noncontact routine sweeping trip. The instruments
underwater explosions on ships were much used were crude and siaple "shock" meters,

more serious than had been anticipated and each of which consisted of 12 spring steel

that it wav, quite possible for a ship to be stripsof lengths graded from 3 cm to 10 ca.
put out of action as a fighting unit, One end of each contact was firmly fixed to
although the hull w'zs not seriously a steel block; the other had riveted to it
damaged, due to the disruptive effects of a small mass and was free to move 1 cm down-
shock on the internal equipment. At first ward toward a steel base. Any contact
there was little coordination in efforts to hich moved 1 cm was arranged to clip down.

investigate thesc phenomena, individual Six of these meters were fitted to give

design departments carrying out their cvn plus and minus accelerations in longi-
experimental work and trying to devise means tudinal, athwartships, and vertical
to combat the trouble. At that time the directions. Crude and unsuiable as these
Electrical Department of the shore estab- instruments were, they did give some idea

lishment H.M.S. VEN, the functionof which of the magnitude of acceleration and
*'as to represent sea-going opinion in displacement which might be expected.
connection with the design of electrical

equipment, became interested in "shock"
effects . Methods of obtaining continuous records

It was apparent to this Department that were considered next. The functicns which
little was known of the magnitude and it was possible to obtainbyvarious methods

severity of shock and vibrat'ion effects were acceleration, velocity, and dis-
experienced and that trials would have placement. It seemed that velocity might
to be carried out under sea conditions to be the best function to measure, as it

get some idea of these magnitu,;es, so that would be possible by one operation to
suitable methods of recordi'ng them on a obtain either of the other values. A
large scale could be developed. This velocity meter was constructed, consisting
first trialwascarried out In January, 1940 of a search coil operating in the annular



2 m
gap of a cyiirIricz! electromagnet which that trial in this paper. Results ob-
was suspended on a spring system of low tained tended to confirm the opinion that
natural frequency. The magnetic field in velocity was the simplest function to
the gap was found to be uniform except at measure and that displacement and accel-
the extremities. The base of the in- eration could be obtained from the velocity

struufrent, which carried the search coil, was records. From then on. other existing
bolted rigidly to the item under test. On methods of continuous recording were

being subjected to shock motion, the dropped, and velocity meters came to be

search coil moved reiative to the spring used almost exclus.vely. It was realized

mounted mass and, therefore, had a voltage that the instrument as it stood was by no
generated in It proportional t0 the rate of means ideal. It weighed 35 lbs, could cope

a.!.&age oi flux linkage which (s the field only with maximum displacements up to 2

strength In the gap was uniform) was pro- inches total, and introduced errors in the

portional to the velocity of the search record ( due tomovement of the selsmicmass)
coil relative to the magnet. This could quite soon after the start-of recording.
reasonably be taken as the absolute motion On the other hand, as far as "shock"
of the base over the early part of the was concerned, the important part of the
record before movement of the magnet in- record was obtained. Furthermore, the

troduced an error. Such meters were impedance of the instrument was low, and it
coupled to R-C amplifiers and thence to gave a comparatively large voltage output.
C.R.O.'s fitted with continuous recording This made possible the use of low gain
film caieras, so that it was possible to amplifiers having maximum amplification of
obtain a velocity/time curve. Using this about 200, which was of great vclue in work

type of instrument, small-scale sea trials on board ship where pickup effects were
were carried out In H.M. Ships EURYALUS, liable to be very troublesome. Attempts

LONDON, VANOC and JAVELIN. were made to develop the instrument in the
way of weight reduction and Increase in

By this time ithad become parent that measurable displacement, but, owing to
the investigation of shock and vibration s'.aff shortage and the necessity for

effects were of extremely widespread keeping the seea trials prografe going,

interest and in order to study the problem 
these progressed very slowly.

fully and to avoid duplicE.ion 
of effort,

the Admiralty Shock Commitee , which It was evident that the method of in-
consisted of representatives of Admiralty stallation of recording equipment used on
design and research departments, was the CAMERON (namely, putting everything in
formed. Part of the terms of reference of the target vessel) would not be practical
this conuAittee were to control and direct in the future trials envisaged, and it was
experiments necessary to investigate the decided to obtain a small vessel and to

nature and severity of shock in wmrships fit it out as a floating laboratory. The

resulting from noncontact underwater ship selected for this work was M.V.
explosions. This naturally introduced the ENDSLEIGH - a small coasting vessel
question of instrumentation on a large (pictured in Figure 1) of some 200 tone,
scale. length 103 feet, anJ beam 23 feet. The

In the CAMERO Trials variout types of original hold space was subdivided and
accelerometers, displacement meters, decked in to form compartments as shownaelo meters, strain g es, in Figure 2. The instrument room contained
resonance meters were used. The troubles all the C.R.O's and other recording
expere ed in operating these various equipment (see Figures 3,4, and 5) whichwere

instruments and the results obtained have mounted on a sprung bench.
been set out futly in the CANOM Report and A continuous processing machine for
it is not proposed to enlarge further on 35 mm film (shown in Figure 6) was in-
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Fig. I HIS ENDSLEIGH
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Fig. 3 Instrument Space: Stipply
and Instrument Panel (Looking

v to Starboard)

Fig. 4 Instrument Space: InstrumentS .

Bench (Forward Side)

4 Fig. 5 Instrumant Space: Instrument

Bench 'After Side)
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Fig. 6 No. I Dark Room. Processing Machine for 35 mm Film (Lool-ing Aft)

stallctd in No. 1 darkroom, In addition, Provision was made :or recording 38 signals

the ship had a small machine shop (Figure 7) simrultaneously. Eacis amplifier Is associated
and a compartment knownm an the test room with a particular oscillograph trace and

(Figure 8) where testing, repair, and the inputs of all ampli fiers are petrnanently
construction of electronic equkrxnent we-c wired by means of single core screened
carried out. cable to plug points on the Instrument room

control board. These may be linked 'ip as
For power supply, two diesel generators desired by means of flexible leade to

were installed, a main set of 50 kw, 220 simillar plug points which are wired per-
volts D.C. in the generator room and an manenti;! to the hastrument distribution

auxiliary 30 kw, 220 volts D.C. set in the board in thr battery room. This board
main engine room. The main A.C. supply for was the point at whichn c-cnnection with the

instruments was provided by a 14 KVA motor target ship was arranged.
alternator supplied from either diesel

generator. In addition, a 5KVAmotor The arrangetwnt envisaged was that the I
alternator, supplied from a 110 volt, 150 target vessel woLtldbemoored head and stern
ampere hour battery in the battery room and that a dumio isarge v4o;Id alst be moored
wax fitted to provide steady voltage supply In a similar mariner at a safe distance and
to the amplifier dujring recording. in line with the target. Instruments were

mounted in the target vessel, leads being
As previously stated, the anplifler*, takei to a conmmon terminal board sited

oscillographs, recording cameras, and within the target at some convenient point.
auxiliary apparetus were mounted on a From this board, connection was made to the
spring support..,d bench, 12 x 5 feet, laboratory vessel bymeans of suitable m1ti-
situated centrally in the intitrument room. core, watertight cables. The multi-core
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cables were carried across the water on a This arragement has been used with but
series of floats. The latter were secured minor modifications in all the trials
together by means of steel vire ropes which carried out since CA4.

were arranged to prevent ay strain, due to
rough weather, oming upon the cables. Trials hove been corpletedon a PARrIIAN
This arrangement proved very satisfactory, Class submarine PROTEUS. a specially built
alt.hough great care had to be taken to centre sectionof anA Class submarineJOB 9
avoid any rough edges at which chafing of the destroyer AMBUSCADE, and the cruiser
the cable might occur. EMERALD. The most novel of these trials

It was possible to slip the cables were thore carried out an JOB 9, as this

from the LSLEICIH, if an emergency arose, target was submerged for most shots. In

and to be away from the trials site within order that connections could be made to the
15 minutes. target, a float was introduced at the end

of the buoyant cable line and a largo bight
The staff required to operate thie of cable (about 200 feet long) was left

vensel consistedof six scientific officers, between this float nd JOB 9. The cables

tuo laboratory mechanics, andtim iabourers, were led into the pressure hull through
togethe: with the ship's crew consisting oi special submarine cable glands. Throughout
a skipper, two engineers, a mate, and two thesetrlals velocity metersof the original
deckhands. type have been the main means of lnstru-

The trials routine adopted was as mentation.
follows: Two hours before the time of

firing a shot, all the bench equipment was The reliability of recordings has
checked over to ensure that C. R. 0. 's, improved progressively, and it Is estimated
cameras, amplifiers, and auxiliary gear that more than 90 percent of the 4000
were functioning correctly. Then each recorc's taken have been suitable for

individual instrument circuit was tested analysis.
for continuity and insulation resistance to
be sure that no cable or other fault had In addition, certain maxlnurn recording

de-veloped. Next, each instrument was instruments, such as relative displacement
checked to enuure that it was operating. indicators and copper crusher accelerometer
Finally, all velocity meter magnet currents units, both of ",Aich have been fully des-
were accurately adjuited. cribed in the CAME1R.N Report, were used.

At the same time, the naval firing
party had been fitting the charge and pre- Certain other methods of recording have
paring thelead for remote electrical been devisedandtestee in trials subsequent
detonation, while the working party were to CAMERON. On PROTEUS an attempt was
checking Pumping arrangenents, closing made to measure whipping of the ship by
watertight doors, etc. means of an instrument which was called

Three quarters of an hour before the the low- frequency shock meter. The require-

shot, the instrument party closed up in the ment from this instrument was that it should

instrument room on ENDSLEIGI and loaded measure lw frequency motion of the order
film in the comeras. switched on amplifiers, of 2 cycles per second but having large
C.R.O.'s, etc. The charge was lowered Into displacements. The Instrument consisted

the water and Its firing cable connected ecsentially of a transformer of vzriable

through to ENDSLEIGH where it was tested coupling (Figure 9). The secondary coil
for continuity and Insulation resistance and embraces a core which is common to two

finally coupled to the firing battery magnetic circuits and movable in an sir gap
circuit. At the appropriate moment, an with respect to them. This arrangement

automatic firing switch was energized in was employed for the reasons that it allows

the instrument room. This started the a convenient sensitivity adjustment and
cameras, injecteJ a calibrating signal Into that it reduces the unbalanced varying
the amplifiers, and fired the charge. magnetic forcez to a second order of magni-
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r~ tude (Figure 10). The natural frequency
of the instrument was approximately 60

to plifier input L cycles per second and it was subjected to
_o i -. slight oil dmnping.

3v at The transformer primaries were fed with
Ma 3000-cycle per second 3-volt supply..LThe instrtment had a linear response for

acctierstions up to 2 g. The outpst of the

Instrument was set so that the band width
was reduced to zero by the application of9 an acceleration of 2 . This acceleration

'as easily obtained sOnply by inverting the
whole instrument. A record is shbm in
Figure 11, the variation in width of the

_ _ _ _ _3000-cycle band being proportional to

Al T 'XV( Fiji i 5i/r

M Ar OF (,oVFR, "I Y. "Inr 1AT Z-.7

V I

- . , M " n

Figlure 10
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Figure It

acceleration. Double integration war Attention was then turned to examining
carried out byhand to produce displacement. the possibilities of producing electronic

This instrument showed considerable means of adding the requisite proportions

promise but, in a re-allocation of work, of the output signal.

whip measurement was moved out of our The first amplifying mixers da-veloped
province and, owing to the pressure of made provision for the cddition of both
other work, further development was single end double integral proportions, but
dropped. it was found that damping was low enough

Another instrument which was mentioned to allow the first integral term to be
briefly in CAMERON Report and on which neglected. Within the limits of this
further experimental work was carried out assumption the ratio of output to input
in sucoeeding trials was the high-frequency voltage of the correcting network as a
velocity meter. This operated on the sane function of frequency is proportional to
electromagnctic principle as the standard I ±o. This quantity is plotted in Figure
velocity meter, but, instead of making 12,"

the natural frequency of the sprung system Various methods of int.egratinn were
as low as : -osible, it was decided to attempted but without complete success.
mount on a comparatively stiff sprung The outout obtained from the meter was
system (say, 50 or 100 cycles per second), very much smaller than that from the
accept the error thus caused and try to standard velocity meter, owing to the

correct for it electronically the theory stiffnes of the springs which resulted in
being given in the appendix, very limited relative movement betw,.

It appears that by taking the output magnet and search coil. In consdquence
from such a meter and adding to it certain high ,,ifcation becme necesse.'y. This
proportions of its own single and double brought in its train all the usual troubles
integrals, the absolute motion of the base of *tray pickup, valve noise, and vibration
could be obtained. effects which are very much more diffic-ult
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to eliminate on board ship than under mount a standard velocity meter in the

shore laboratory conditions. In addition, ordinaryway, as the weight of the "nstrmnnt
it was necessary that the devicz shovld would, have materially affectedthemoto-, of
have both a frequency response approximating plase. The method usedwas simply to remove
that which has already been discussed and tht, search coil from a meter and nunt .t
good transient response. In the methods on the plate. The magnet was reversed in
which were tried, one or the other could i'e the meter body and tho body attached to a
obtained but not both. Consequently, it was robust channel iron framework which was

felt that further investigation on the rigidly attached between the two frames
laboratory ship would not prove fruitful, which boundedtheplate under investigation.

and the question of electronic correction Adjustment was provided so that the search
has been dropped temporarily until such time co!l could be centered in the magnet gap.
as it can be investigated in sacne shore Thui, the load on the olAte was reduced to a
laboratory. matter of a few ounces instead of the full

35 poands of the whole meter. This device
T[heoretically, it ahuld be possible to worked quite satisfactorily, although great

analyse and correct recordis obtained from care had to be taken in centering the
the H.F.V. U., but this iwoives obtainingthe search coil in the magnet. There was
constants for each individual meter und considerable wastage in search coil
carrying out a tedious and lengthy grophical formers, as damage was caused when they
reconstruction. In practice, u''re one were tilted (due to the directionsof
requires to know the results of oie shot rnotion of the plate) instead of moving
before carrying on with the next and axially in the magnet gap..
where a h-rge number of meters would be in The question now arises of the future

use, it is no t feasible. developments expected in instrument

It is possiblethat having obtained the technique. It is considered that the
uncorrected recore undkowing the cozstants magnetic principle of the velocity meter
of a meter, it might be feasible to obtain is still the most reliable method of
the true answer quickly by acme m*chanical res)rding in quantity.

means. This is being investigated. The instrument as It stands ha2 the

Yet another problem which arose was the following disadvantages: It is too

questio, of meesuring the nt.on of the heavy, records faithfully for too small

shell plat ing. iY was not possible to a displacement for a number of cases, is
subject to spring error, and requires a

-- "- supply to energize the magnet. In the near
- r- future and without interfering with trials74f progress, it Is hoped to redesign the meter

to remedy some rather obvious crudities in

NTiRAL FREQUENCY OF METER the design.
> SYSTEM IN THIS CASE The framework ,f the ireter will be

:-V ~made in some of the light a.loy2 which aref' I FR=.60 cps
Y W now available. This should brinF, consider-

0 [able weight -vin5 and thereby permit
des gnIng for a larger displacement without

[ , any weight Increase. The electromagnet, it

200 is hoped, can be replaced by a permanent
mugnet in one of the modern magneticmaterials ("TlconaP' or "Alnicd' ) which will

Figure 12 retain their magnetism even when subjected
to repeated shocks. This would simplify
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considerably the operation of numbers of adjustment will be made so that the time

meters. If at al possible, the natural intervals are equal in each direction. Thus

frequency of the magnet or, its suspension a uniform square wave will be produced.

will be reduced,but it Is not considered This, on being integrated, will give a

that much improvement can be expected in tr'angular wave. If the base of the

this directlon. instrument is uttached to an object which

Finally. I will say a few words about is given a shock motion, the time taken

a new method of recording which is. as yet, fo7 the mass to move between contacts will

in Its embryo stages and is completely un- by modified by the motion of the base, and
tried. As far as is known, the principle successive half cycles of the square wave

has not been used before. will not be equal. Thus, instead of the

The main components of the circuit will integrated wove returning to zero at

be a squarewavegenerating circuit followed each cycle, it will be displaced and a

by a simple integrating device. The trace, consisting of a series of triangular

recording head will concist of a lightly steps, will be produced.

suspended mass which "s constrained to move The important factor appears to be
between two spring contacts. The purpose that the time interval for undisturbed

of the contacts is two-fold: To provide a aotion should be reasonably large comp&red

bias which will trigger the square wave with the time changes exp-c.ted from the

generator and to give a pul-e of energy to motion. The advantage appears to be

the moving mass to send it towards the accuracy of recording, irrespective of the

opposite contact, where a 3sinilar cycle ditplacement imposed. Little more can be

will take place. In the unc is':urbed state, said about this item at present.

DISCUSSION

D. E. MARLOW, NCL: I would like to ask J. PAMJY: Fron my own experience, it w.:s

what theperiodical inpulse or carrier frequenty very difficult to use these gages on ta:get

'oscillation for the new recording hepad for the ships. We have found that we could get thdr

square wave instrument is supposed to be. to vork in the laboratory but could root use
them on the ships. It is a problem to make

J. PAUSEY, R.N.S.S: That will depend them adhere to the plate. In addition, it is

upon what is to be measured. If you want to not easy to tell when they are properly

measure whipping, you will be able to use attached. We found that they break down
very low frequency. If the measurement is very easily under ship trial conditions and

going to be shock motion, it may not be pos- that the output from the strain gages is

sible to use the instrument, as a much comparatively low. It is difficult to get

higher carrier frequency will be necessary. reprodicible results.

At present, this work is in the efbryo stage. D. E. EISS, N: I wonder if Mr. Pasey

J. P. WALSH, Na.,: What has been your could amplify on the preference for the

experience with wire strain gages on shipboard velocity type of pickup rnther than the

trials? accelerometer or displwacent type?
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J. PALSEY: We fotmd thst, in the first . . SHAW: No definite Instru-
plwa-e, if you consider displacement and mentation has yet been decided upon. "The

accele-.tion in ships, you must work over point you read was in connection with

quite wide ranges. Displacements may va.!y masses on deck or on the masts, which were

from .001 inch up to several inches. to simulate radar gear. There you get

Accelerations may range (in the case of a. excursion in space of several inches,

idiipping) from 2 or 3 1 to several hundred and the ordinary type of velocity meter

g, and it is difficult to get these two would not cope with that, as it bottoms

ends of the scale on one record. With after a mutter of a few inches. Con-

velocity, you are working in a smaller sideratkon is being given to different

range. The low end .:ay be dovn to I foot methods of recording. At the time.

per second, but you seldom get more than accelercmters were the only answer, but

20 feet per second. It is possible to so far we have not decided what we will

geZ all the velocity-time curve on one ule

record without the low-or high-frequency

components being !ost. We do find that J. PAUJSEY: That particular trial has

from velocity records we can obtain not started yet. It is still in the

acceleration from the initixl slope of planning stages.

the cjrve, which is the ir.Aortant accele- I. VIGNESS, NPJL: In using multi-

ration as regards shock. There is the conductor cables to carry signals from the

denger, In using an accelerometer, that test ship to the laboratory ship, do you

it measures the higher frequenry vibrations have any cross-talk or interference be-

associated vith a very small displacement, tween channels for either low-impedance

which is not particularly important sources or high-impedance sources?

from our shock record V.o!nt of view.
J. PASEY: We h~ave not used wire strain

gages except with individual cables.

M. L. HFIOQ{, BuShips: In a recent

copy of . repcrt on the thirty-ninLh .. T, IEJLII, B1t: Iow long does the

meeting of che Admiralty Shock Cvoittee. velocity pulse last? How lung before it

I read that you ar- 'raking measLrements comes back to zero?

on masts. A statem.-t was made about J. PAUSEY: You can record the velocity

using accelernmeters for that purpose. ove, a period of seconds, but the important

The matter was under consideration at initial effect probably trkes piace well

that time. Have any instruments been within 20 milliseconds.

worked on for making the measurements?

J. T. MULLE: How does it return--

J. PAUSEY: I don' t remember the report. sharply or slowly?

J. E. SHAW, R.N.S.S: For some future

trials, we are planning to make measure- J. PAUSEY: Generally speaking, there
ere two forms of shock waves. One of thefa

ments on motions o! masts. I believe there
approximates a cosine curve with a sharp

were statements in there about considering rs n hnadne aertrigt

the use of accelerometers for the measure-

ments, but the matter was not completely zero. It Is difficult to say when It does

locked into at that time. return to zero, because there is motion
ot the m.ss in the velocity meter due to

M. L. HN' OI: Additional consideration its own springs. For the purposes of

is to be given the matter, then,and shock, it is that initial part of the

definite Instrumentations worked out? record which is the important part.
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3. T. MULLER: Can you live some value of velocity. The charscteristica on

Idea of the length of timo it takes to the miachinery, the bulkheads, and on the
retch the mxizm velocity? decks are generally da=ped out after

abou! 10 to 20 cyclet.
J. PAUSEY: It varies, on different

parts of the ship, from 2 to 3 inilliseconds S. P. 7HOMPSON, ?G.: Referrins to theUP to about 10 milliseconds and. In some errors engendered by making the resonantexeptiona cues. 20 milliseconds. frequency of a seismic instrument hlghtr

than Is ural, it would seem that, since aJ. E. SILO: As I understand it, you mechanical syst= of that type is analogous
want to know how quickly these excitations to a tuned circuit, it should be possible
are daed out in different parts of the io take a circuit and. by suitably arranging
shock. The graph (Figure 13) represents Its paraeters (including those determining
velocity ageainst time. On the hull or shell damping), to use it as a calculating machine
plating dlturbances are damped out after to straighten out both the amplitudes and
a very few cycles. There is a very rapid the phases of the velocity meter record.
rise (sometimes under I millisecond) Have theBritish considered this proposition
followed by a more or less damped oscilla- at all?
tion. When dealing with the Item of
machi-nery on the hull. as Mr. Pausey J- PALSE: We have considered zetliodv

mentioned ,e got a curve rese-bling a daped of correction by electrical and mechanical
sine wave, t.e time of rise being anything means, txt we haven't arrived at the answer
between 2 milliseconds and about 7 or 8 ie wast yet.

milliseconds depending upon a number of
factors such as how the machinery was D. C. K1?2NJ, AIM: You mentioned that

munted, thickness of plating, etc. Then, you use catholde-ray recorders in measuring

going on to the bulkheads, the rise was shock. Have you tried the magnetic

still slower until. when working with the galvanometer recorder?

decks, one can get anything up to about J. PAUSEY: No. We have stuck solely
20 milliseconds before reaching maximum to cathode-.-ty oscillographs.

0

I I-/

J HULL

MACHINERY
2 T07OR8 ms.... ATHWARTSHIP

20 ms

Figure 13
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APPMhDIX

Let S = position of the meter nousing

Xl= position of supported mass (m)

k = constant of the spring

a a viscous constant of system

e = output voltage of the meter

.The equation of motion is given by

the relation

mX1 s k(S X1 ) o r(S - X1 ), or

The voltage generated in the coil is given by
* a

e K(S- X) (2)

i'.re K i z proportionality c.nstsnt.

The variable X, can be eliminated between

equations (1) and (2) giving.

e, e La+ i e dt). or

"- + 2ce + w2 f e dt) (3)

where c Is the damplng factor and wo is the

undarped resonant frequency of the system when

the case is still.

If equation (3) Is integrated orwe, It follows

that 0

S jke + 2c f e dt - -2 f f e dt) (4)



"Tus, a voltage e' equal to the absolute

velocity of the instrumen can be obtained.

provided

' ( - 2c f. dt . . 2 f r d) (5)

*.ere K' is nuz rically equal to IL

Obviously. e ca be generated by coibining

the obs~rved voltage e with the proper pro-

portions of its first and second integral.
If c is very small, this tern can be

neglected. If a steady-state mt!on

ezists. then e a Eo sin (wt 4 46) end the

output voltage oi the correcting networks

is

a *E= sin (wt*4)(- _). (6)
K C4



SIMILARITIEUS AND DIFEMENCES IN fINSRUMM2~ATION
FOR ORDNANCE FIELD TESTS

By

D. E. Narloare, NE

I have been asked to cempare the in- Pausey. Figure 2 shows her recording room

stzu~iatat~on of ordnance field trials with with six oscillographic recording ststions

the Instrumentation of ship damge trisa, equipped with hi~h-speed, rotating-drum

w.udi as Mr. Pausey has described. cameras. YOU caO see that except for

First. as to the similarities: Our slight differences in design. the 1413 and

intetest in the effect* of explosions on anth NMG srelm tId til

sbips has brc-n ent~rely an Interest in purposes.

ecnoy ro the ordnance engineer a ship Now, as to the differences in instru-

iz sJ..ply one class of target. and all Mentation: Most oodnance field trials

tea.get2 are objects to be destroyed with require instruments anc! techniques which

che miximum economy of explos~ves. We differ quite radically from those just

have been la: jely content, therefore, to described. I have mentk;,ned in a previous

obt-Ar advice of our ship designers as Paper (published in Shock and Vibration

to the responyie of ship structures to 1) letin No. 5) that ordnance shock probiems

Zi:z;c impulaire explosive loadls and have are characterized by the long duration of

limited our participation in ship damage the shock, and I Indicated at that time

trials to studies of the phenomena asso- thact these shocs muiu; be endured for

ciated with the ex~plosion in water and, distances of 5 to 100 feet. This char-

in part.cular, to tit modifications to the acteristic of ordnance shocks renders the

theory wh:c+ would be required to account use of velocity meters quite impractical,

for the d&scontinuity in the fluid meditim and we have concentrated, therefore. upon

presented by the presence of an air-backed the development of accelerometers ba~sed

hull. In orier to obtain field data on upon the measurement of either the elastic

this and other points, we have obtained an or plastic strain of some portion of the

ex-patro's craft (the EPCS 1413) and hsve vehicle being tested. In most cases, of

specially equippet' her for the _-tcurate course, It has been most convenient to

measurement of pressure- time data from build a special strain indicating instru-

large underwater explosions in the open ment for use In tle vehicle. At vdrious

sea. Figure 1 shows the 1413 tied to her times, we have exploited the innumerable

dock at the Naval Gun Factory. She serves forms of crusher gages, and we have used

as a floating recording station very comn- piezoelectric. resisatance wire, and

.3srable- to the ENLEIGH described by Mr. capacitance gages as well--the choice be-

17
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voeen them usually being dictated by theI
requ'rement of the transmission and/or the
recording system.

In all such measu-ementu. it h~as been

found necessary -to Study the theoreticalI
aspects of the whiurerren~ts very carefully.

-*~5 for an Iriproper choice of the accelerometer
for a particular measurement can render the

experiment virthless. In particular,
accelerometer measurements are Suisceptibl e

k A to variations in calibration techniques.
and we have expa7Wed great care in the

.~ ~t.checKlin-of one accelerometer against
wiother% i- order to z!!.-nate. as much AS
posile thevious sources of error.

Figure 3 show. six typeb 'nf accelerometer

principles which are based on either the
plastic or elastic deformration of a
recording element These devices are

y'~~ ~limited to recording peak acceleratic-na
ard, even then, must be very carefully

used in order to obtain reliable IndicatiorL
Fig. 2 Recordirl Room ~ Figure 4 shows four accelerometers Rlso

bvtued upon the elastic deformation of the
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Crusher Type Fracture -
1-Direction Type

Piezo Electric

CantileverPutty Tp

Gage"

Cantilever Scribe

A Reed

Crusher Type Gage
6-Direction
Fit . 3 Accelerometer Principles (Peak

Recording Types)

Indicfting element, but which, by re-
cording the variation of straqn with time,
gi e a continuous recording of acceleration.

it must be recognized, however, that Variable Reluctance
tCe problemof recording of data in ordnnce
field trials is, at tl.mes, a very difficult
one. For those measurements in which we
find it possible to meincien a cable
connection with the vehicla being tested,

we have developed lightweight, compact,
versatile equipment in the form of a six-
trace cathode-ray oscillogriph which Is of
sufficiently small bulk that it can be
handled in the field by two men. Figure 5
shows a schematic outline of the relatic.a Resistance Wire
of the various parts within tne oscillo-
graph, and Figure 6 shows a somewhat
exploded view of one of the early models. Fig. 4 Accelerometer Principles (Continous
It will be seen that this instrument is Recording Types)
ideally suited to the recording of phenomena
which vary with time in field trials.

i'I
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Fig. 5 IAL 6-Trace CW 7Ype LB Layout

ui Man Frame Fig. 6 Early Model Gscilloiraph

However, in many of our measurements, Next, we have Figure 8, which shows
we areunable, to maintain a cable connection the complete assembly of a three channel
to the vehicle. To pivvide for such cases, oscillographic recorder. It in designel
we have developed a line of compact, self- to be self-contained, do that the entire
contained, internal recorders which are unit can be placed In a mine case or
mounted inside the vehicle and which boub for the purpose of measuring accelera-
must be designed to record the electrical tions on impact with the water surface.
impul3e from the detection instrument There are three crystal accelerometer
faithfi.'lly, even tbough the recuidzr itself elements which feed a si.nak to an oscillo-
is undergoing the shocks. This iaof course, grAphic camera, the whole being powered
n p-.oblem which is never complotely solved, from the batte-y box.
and the balance bttween signal and noise is Fign.:e 9 shows a schematic diagrua of
always a delicate one. the recording cameraof the previous set-up.

Typical of these instruments is one
showy, In Figure 7. This is a cellulose-
tape recording accelerometer In which SPRING DRIVEN TAPf

CANTILEVERED TAKE-UP DRUM

the acceleration-time curve is engraved MASS5D SCRIBE

upon a cellulose tape by a cantilevered
mass and scribe. This instrument is

somwzhat inseniiitive and of fairly low
frequency response, but it has been
developed to the point where the spring- TAPE GUIDE

driven drum will maintain a continuous CAN' ILEVERED

speed throughout the acceleration period; MASS & SCRIBE

hence, the device as a whole in capable of Fig. 7 NCL 3-Direct ionn'l Tape Recording

giving usable Yecords for many applications. Accoierorneter
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Fig. 8 Axserbly of 3-Channel Osclllogreph Recorder

Idler Spool

L ens

Mo.or

Supplyp

%6-m

Fig. 9 Schematic Diagram of Racordinj Accelerome ter
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difficulties in recent months that we are

levnlng more and more heavily upon it.

A fairly recent eiwle was the measure-

nmnt of the opening load In parachutes when

launched from aircraft at high speed.

Figure 10 shows the rear end of a mine case
with its telemetering equipmert installed
and the antenna encircling the instrument

compartment, wnile Figure 11 shows sensitive
elements mounted in each of the shroud

lines of the parachute just before !t
is packed into its case. Upon opening,
these elements respond to the strain in the

parachute shroud lines, and the data are
transmitted by a frequency-nodulated
telemetering system to a recording station

on the ground where the signal is de-

modulated and recorded.

Those of you who have used telemetering

methods will readily recognize thegreat ad-
vantages that can be obtai.td in the

Instrumentation of field trials by the use
P1*. 10 Prelmnary Telertering Equipment of these techniques. Let me now point

out a new field of usefulneas which we

have successfully ex1ploited in recent

It will bp seen that the optical distances months. We are now uting telemetering

are largely obtained from mirrors and tec',niques in the field in trials of

that the cathode-ray tube, as mounted, underwater ordnance. During the conduct

must take the full strength of the of recent tests at Hiwassee Dan, a fresh-

acceleration without causing deviations water lake In the Tennessee Valley, we have

in the cathode-ray beam. This has been telemetered dsta from an antisubmarine

accomplished with a fair degreeof success. weapon and have observed the time sequence

The cathode-ray tubes have been specially of #.vnts during the passage of the weapon

strengthened with added internal elements from air into water .nd into the proximity

and, as a whole, the device is capable of its intended target. There is every

of recording an acceleration-tlme pattern reason to believe, at the present time,

without serious noise levels at accele- that our dependence on the vagaries of

rations below about 300 g. Lnternal recorders is reaching an end.

In spite of the success with which Figure 12 is a reproductiorn of one of the

internal recorders have been used, the traces from this underwater telemetering

Laboratory is not completely satisfied with equipment. You will notice the various

this approach, and in many cases, since stages of behavior of the weapon f'rom

these instruments and recorders are not launching to impact with the recovery net,

adequate to the situation, we make use of and for comparison purposes, there Is

one other very powerful tool. The com- presented an oscillograph trace showing

binatien of detecting instruments in the the signal output of the detection device

vehicle, data transmission by tele- during each of those stages.

metering techniques, and recording at A To summarize: Where the ordnance

gro d station hae solved so many of our engineer crn maintain cable connections
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with the device being tested, the- m

techniques used are quite similar to _ w
those of ship dimage trials. The majo .1e._
difierence lies in our require.ment for -e-

acceicromoters rather than for velocity
meters, and this, in turn, itt enforced by
the !lc.nz duratioi shocks encountered by
ordnance st.d by the small space in which
recording instruments can be placed.

However, when cable contact with
the vehicle cannot be maintained, we
have In tbe past depended heavily upon .l
the use of internal reco~ders and have
expended substantial ef fort In thel r develop-

ment . At the present time our erphasi s is
shifting rapidly to the use of telereterlng
methods. These have already proved
practical and u~efui for triais of air-
bornae we-pons and recent developments
indicate that equal success may be ob-
tained for underwater trials as well.

Fig. 11 Elements Mounted in Parachute
Shroud Line:;

DISCUSSION

J. PAIJSE1, R.N.S.S; I an interested in D). E. MARLOWE: It was %1 fair--sired
tho possibilities of telemetering and feel crystal stack. The overall size of the
that we may have to use something of the instrument was almost two Inches on a
same technique in some of our trials. 1 side.
think it will become necessary. The
question of self-recording instrumnents also J. PAUSEY: Mr.. Marlowe, %;ould you say
is of great interest to me. I would like you tire tbirg any work on telemetering In
to ask Mr. Marlowe one question about the salt watet-?
Instrument which used the crystal pile.
Do you get suf~ficient output fre., that D. E. MARLOE. I thought I had slipped
accelerometer direct? by that point fost enough so no one would

1). E. KMALI, rU..: Yes, the output of notice ii. In due honesty, I fe!t it was

the crystal was *pplied directly to the necessary to mention the fact that we

plates of the C.R.O. There was no inter- were workin~g In a fresh water lake. Atten-
mediate amplification. uation in salt water is up by a factor of

300. We are seriously considering the
J. PAIISEY: It must have been quite a possibility that, for the ranges that are

large output, necessary for that sort of work, tele-
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setering in salt water may be possible. basic signal, we don't know, but perl-Vs

There zre two posibilities. One is to by use of pulse coded techniques. we can

increase by this factor of 300, or more, make some pr~gress in that direction.

the power output of these subminiature tube

circuits (there have been some signs that E. WL!IN, NRL: Was the depth oi the

this may be done). The other is that we water a factor?

have a dim.Ldea (for which. unfortunately, D. E. IdARLDM No. 'e are fortunate

Maxwell's equations don't offer too much in having a quiet lgk, in which to work.

hope) that we can best the game by the use We can string a large antenna asrangaent-

of pulse or pulse coded techniques. %hethor In this particular Instance, at no time is

the increase of energy that we can put the weqpon at a distance greater than 100

into the water by pulsing will be suffi- yards from the neareat- antcins, so that th-e

cient to take care of the fact that the tranmnle-az;s usually takes place over less

pulse is of higher frequency than the than 100 yards.

0 / / 3 A K

0
S.ECONDS

I

SbD.nn'n
AWSC Eddy Cvrrn9

ti"'.

) econ, Zook -

Fig. 12 FM' Radio Frequency Telemetering for Weapon A
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CO'TRASTING PROCEDURES FOR AIRCPAFT

By

Chriatian G, *eeber. NAMC, NAES

GENERAL safety, it i* essential that test evuipment

In general, the requirements ornd and instruments poasess a high degree

procedures for instsumenting aircraft of accuracy particularly where laboratory
structures and equipment in performing or flight tests are being conducted in

laboratory and flight test investigations step" fashion under conditions of in-

are governed, to a great extent, by several creasing severity.

factors peculiar to the field of aircraft In performing catapult and arrested

engineering. The factors of weight and landing tests. structurai flight testa,
compactness in aircraft construction impose and vibration and drop testa on full-scale

vezy definite limitations on the size and aircraft and dynamic tests of aircraft

weight of equipment which can be utilized equipment, it is generally necessary that
for test purposes. in addition, the light- a variety of physical quant-ties be measured
ness and flexibility of aircraft structures and recorded simultaneously in order that

necessitates the use of pick-up units whose a complete analysis can be made of the

size and mass will not have v significant operation or test performed. Although a
effect upon the measurement of such structural number of instruments are evailable for
characteristics as strain, deflection, use in aircraft testing, the instrument

sccpleration, etc. For flight test work, most commnonly utilized for obtaining teat

te . eqluipment must be rugged and reliable data is the variable resistance strain

and function satisfactorilyunderconditions gage as used in the conventional bridge
resulting from wjde fluctuations in atmos- circuit with associated amplifying equip-

pheric temperatures and pressures, engine ment 3nd multi-galvanometer recording
and aerodynamic disturbances or v.brat'ons, oscillographs. Because of its size and

rapid variations in frequency and magnitude weight and corresponding small effect
of applied "g " forces,and changing upon the characteristics of the structures
attitudes of the aircraft. Test equipment or instruments to which It has been applied
must alw 1!. capable of withstaoding the or adapted, the straln gage haa been

impact force- and accelerations experienced empioyed f-r a wide variety of uses in
during catapult and arrested landing dynamic tests of aircraft for the measure-
operations. Since aircraft structures are ment of acceleration, velocity, displacement,

designed within very close margins of tempstrAture, pressure, and other quantities.

25
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In all test work. care must be exercised inertia forces of the projectinr engine
that the gages have been properly bonded mass imposed excessive toreional loads on
and adequately protected against damage. the wing struct re.
At the time laboratory callbratieis are To investigate and deter-ine the
condcted ca instru--ted aircraft, shunt cause of the failures are ccpletely.
resistance calibrations ore also made this mod*! airplane was subjected to a
on the '.eat recording equipment. -his series of instrainted drop tests in the
calibrates all cotponents of the measuring laboratory. The test set-up iA shown
syatem except the gages. These resistance on Firare 2.
calibrations can be very readily repeated. S
at any time during the course of a test Strain ees were mounted on the
program an corrections made, if rcessary, upper end lower surfaces of each ino
for any changes in recording equipment panel near the root to obtain data on
characteristics since the original labora- the i-seditude of the torsional loads
tory clibration. This feature is particu- idpsed on t. Ging structure during the
larly important in test work extending drop test . Gages were also placed on
over a lo.W period, since automatic resistmnce each enitne funt structure to deterane
calibrations can be nade immediately the ante of t t n Veada

before and after each flight =aneuver or iposerd on the oine by the verticl
test performed, thereby permitting a close inertia sorces of the engine bass. The
check on equip-ent calibration ad elim-inst- agl installa ions were calibrated by
ing the necessity of repeating laboratory applyin known vertical loads to each
calibrations on the complete aircraft at engine propeller shaft and calculating
frequent intervals, the total torsional loads applied to

the wing structure. The calibration loads
An attempt will be made to show some were balanced by the react:ons on the

of the techniques and procedures utilized airplane landing gear. Dynamic reaction
in the instrumentation and test of full- platforms were installed under each lerding
scale aircraft and aircra.t equipment by wheel to obtain data on the vertical
describing briefly a few typical dynamic load-time history of each gear during
tests performed. Withthe possible exception t.e drop tests. Each of these triangular-
of crash landing investigations, it ehould shaped loading platforms weighs about
be noted that in comparison with shock 1000 pounds and is supported b.y three
tests of mrine vessels the dynamic pheno- tubralar steel pedestals on which strain
mena measured duringL aircraft tests gaFes have been mounted. The gages are
generally occurs over a greater time wired in such a manner that they respon .

period; roughly, from .05 to 0.2 of only to courin loads on the pedestas or
a second or longer, loads applied normal to the platform

AIRCRAFT DROP TESTS surface. In addition to the foregoing

During carrier evaluation tests of a instrui±,ntsticn, NAES strain-gage accelero-

twin-engined Navy fighter, the wing center meters (beam type) having a natural frequency

sections of seven out of eight airplanes of 23 cps were located at the c.g. and
brought aboard were damaged during landing in the empennage of the airplane.

impact. The majority of the landings made During the investigation, the airplane
were unsymetrical, i.e , either the nose was subjected to a series of drop tests of
gear or one main gear initially contacted increasing severity simulating both
the deck. Figure I shown the most severe symmetrical and unsymmetrical landing
failure which occurred during these landings. conditions. In the latter stages of the
A preliminary investigation of the cauoe of tests, the airplane was dropped ;n such
these failures indicated that the landing an attitude that one main gear received
gear reactions combined with the vertical the initial landing impact, the nose gear
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in t!S or.r Duin ths eta eghn onsadcotiigapwe

shown In Figure 1, each lending whieel was cartridge is attached to the seat back

prespun so as to have a peripheral speed and to the base of the tower struct.'re

of 90 Mph upon impact in order to ciculate between the guide rails., Upon detonation

the actual drag loads imposed on the of the cartridge by the occupant, the
gear urin laning.energy released by tb~a burning powder
gea drin l~dig.imports an ej ections v'.oci ty to the sent-mars

Figure 3 shows a typical oscillogram mass of 60 fps in 0.2 second over a

of the data recorded during thase drop 40-inch catspuilt stroke. The maximum

tests and Figure 4 shows the dup~lication accelerat ion developed during ejection

of the carrier failure obtained in the ranges from 'A6 to 19 Z's.

EJECTION SEAT TESTS

In the dexign aznd development of a

pilot's ejection sea" and personnel

catspult for emergency escape from high-
speed aircraft, extensive ground and

flight tests have been conducted. The
110-foot ejection seat test tower located

at the NAAC has been used principally for

the development end test of ai suitable

powder charge catapult, for the m=aaureimet

of ejection loads and accelerationat, and ..

for the investigation of human tolerances
to various magnitude% and rates of sppli-

catio.. of forces experienLced during election. Figure 2
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Figuare 3

Figure 5 shows the instrumentstion consolidated oscillograph equipped with
used on the subject during the p 'rft.t ce high- OsLtivi.ty galvanomteg.

of toter tests. Statham strain- gage acc*7,ero-
meters having a natural frequent7 o: 300 The ejection velocity is determined
cps and 0.7 critical daeping are mounted by meanc of a fixed coil located on the
an the subjects head, shoulder, .arri hip. side of th* ieat structure. The coil
A similar accelerometer Is mounted an pe~ses over stationary Alnico magnets
the seat structure. No amplifiers are asced at 2-inch intervals along tho
used with those accelerometers, the tower track. Thne current induced in the
outputs being recorded directly by a coil by each *.-.cessive magnet momentaril-y

deflects the galvanometer element causing

"race. Having time and distance, the
velocities can be readily computed.

. A tr-asurement of the internal pressures

developed in the catapult during ejection
is obtainedbymeana of ctrain gages moutred
circutaferentially on a copper~heryllium
tube having one end closed and connected
to the cat.apult chamber through a smaller
diameter tibe. The tube is packed with
tili.cone grease so that the initial volume
of the catapult will not be significantly
altered. The grease also insulates the

Figre so e tgheges from the high internal ctapult
t.aa oeratures developed during ejection.
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A typical oscillogra= obtained during
tests an the ejection seat tcwer is shown-

o Fic±re 6.

Figures 7 and 8 show the instrL~ented-
dLZ Used fat flight ejection tests. Three
INAES bonded strain-gage accelerommeters

'**, type) having s: natural frequency of
25 cpP and a + 20 g range or* nounted
alwn.g the vertical, fore and aft. and
ldteral axes of the du-y. A Reiland
Type 401R oscillograph equipped with -

high-aensitivity, Type A galvanaoeters
and a poimr supply exe =ounted in the
chest cavity of the dwuny. The oscillo-
graph is started by r te control i~md ately
boefore ejection and acceleration reco3rds

are obtaired on the j~est and dunymmy during J C' -

the full ejection sequence, including .A-.. -

the operation~ of the seat parachutes.

A self-containee. 3--oge ent. ame~anically Figuire 5

Uetlem Ets !D ft. 3 iJv8

_________________ ressweW9ps.t

A'~~Sa "G 5.1 G 45G'4, /imI4 -G
.3

___ __ ___ __ Reference J

F.igtire 6
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recording accelerometer having a natural

is now undergoing evaluation tests for use
ifuture dt=7 Instrumientation.

S IMPACT~ TESTS
In the develoisnt and twat of &pilot's

seat capable of sustaining 40 g fore-and-aft
crash landirg loads, occurring Irn a time

/ period of .05 seconds from impact to peak.
-dynsiric tests were conducted in a drop test

machine. The seat and 200-pound duzazy

were mounted face dovnvsrd in a rigid

jig attached to the drop test car. The car

was dropped on a wooden block M) x 20 inches
ir. cross section, on top of ehich various

Figfure 7 grades and thicknesses of rubber pads had

been placed to give the desired acceltra-

tion-time lording nn the seat. The test

set-up Is shown In Figure 9.

Figure 8



31

Whrin~g these teats, tension links an

which strain gages had been mounted were
Inserted in the lap and shoulder straps
to determine the magnitude and diatri- #A

bution of the loads in the harness.

Statham accelerometers. +40 g. were mounted
at the c.g. of the test car and the dummzy.
In some of the tests, Bureau of Standards
dynamometer rings were inserted in aerie:
with the harness strain gage links. When
subjected to tension loads these 1-inch

diar rings are permanently elongated.

By measuring the minor diameter of the
elongated rings, the maxi211n tension load
can be determined fzcm a ealibration curve C,

based on static and dynamic laboratory
teats. As compaared with the strain gage

data, however, the maximum harness loads
determined from the dynamometer rings
were consistently lower. Indications are
that the elongatilon of the ring actually
lags the applied tension fcrce,par- Figure 9
ticularly at high rates of leatd build-up.
In additioai, there seems to be some erratic
elastic recovery of the rings following Figure 10 shows an. oncillogram obtained
removal of the load. during these tests.I4

Figure 10
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DISCUSSION

E. KLEIN, NRL: We have discussed W. E. BAKER, LOS ALA.VOS SCIENTIFIC

similarities and differences of three LABORATORY, SANDIA BASE BRANCH: What

main types of instruments which were type of recording oscillograph have

used in field operation--the velocity you found most satisfactory? I
meter (which is an especially suitable C. G. WEEER: In answering I belle-'e
instrument in ships), the accelerometer I will call upon Mr. Weiss, who is pri-
for ordnance, and the wire strain gage marily our instrument an.
for aircraft.

G. CHERTOCK, DTMB: I would like to D E. WEISS, NAAC, NAES: Three types

ask about the Bureau of Standards rings of mving coil galvanometer ctuweras widely
What do they measure--acceleraitton oe used in the aircraft indust.ry are ones

force--and how is it applied? manufactured by .Jlliam Miller Company,

C. G. WEEPER, NAC,1heri Consolidated Engineering, and Heiland
Research Corporation. Each has advantagesmeasre he aximm frcedeveope in and disadvantages. Miller and Consolidated

the seat belting dJrTing impact tests. They
are inserted in series with the belting. cameras are usually made with galvanometers

These rings are initially circular. Under numbering from about 6 to 36 units in

load, they are permanently elongated, one camera. The Miller oscillograph has

and by conducting previous laboratory a much better optical system; the resolution

clibrations on similar rings and measur of their recording trace i much finer.
In general, it is much more suitable forIng the m'inimum diameter after various
field use than the Consolidated, although

loads have been applied and relaxed, the
approximate magnitude of the loading can not entirely so. Consolidated has available

be determined. There is some difference, a greater and more useful vsiety of

however, in maximum loads measured in this galvanometers; they make very ,ensitive

manner, due to apparent differences in galvanometers with a natural frcqancy of

the static and dynamic calibrations of 0IS cycles per second, enabling use, with

the rings with retopect to the rate of no amplifiers, at applied frequencies as

load app!lication. high as 100 cycleq per second. These

G. OI7rT~XK: What Is the material of galvanometers are used with DC bridges.

the rings? hThe Heiland Research Corporation manu-
the rings? . factures a relatively inexpensive, compact

C. G. WEEBER: I think the rings are six-galvanometer camera. This unit has

made of SAE 4130 steel, about the smallest volume per channel

A. E. McPHERSON, MS: They are made but records on paper which is only two

of SAE X4130 magnaf'ux qu4llty, and the inches wide and Ii devoid of such re-

quality control is quite diificult and finements as automatic record numbering

expensive. The theory is tl',t the static and remote control facilitieu. There is

and dynamic calibration shosjld be the no way of selecting one over the other--all

same, which we heve found to be ao up are good in some respects and deficient

to a rate of loading wher.- .02 of a in others.

second was required for re,:1ging peak E. KLEIN: In the next Bulletin (No. 8)
load. Above that point we do't know, wh.ch is mainly on instrumentation, many
but it seems reasonable that we could o these instruments, including rings,

go to even higher rates of !oading. lre deacribed.

4
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K. W. JOFNSON, AMC: What type of inch per g, which is evaluated statically

recorders do you use in fighter aircraft? and not dynamically. The galvanometers

C. G. WEEBER: On fighter type air- do not perform as well as that under

planes, we have used Miller, Consolidated, 
sho-.k tests.

and Helland oscillographs. There is a We do give very serious attention to

special problem in instrumentation on the effect of shock on galvanometers. Some

fighter type planes--the F4U is a typical time ago a test was carried out by one

example. In that case, all of the radio of our contractors. The extraneous cffects

equipment was removed, end our equipment upon the galvanometers were about 75

was mounted behind the pilot's seat. That, percent of the peak readings which were

as a general rule, is the only available obtained during the test. By isolating

space for installing equipment (in the aft the galvanometers, these results were

section of the fuselage). The installation verified.

of test oquipment very often presents J. PAUSEY, R.N.S.S: We tried to use

difficulties in trying to achieve a spoci- strAin gages on the CAMERON, but we

fied oz satisfactory e.g. location on the found considerable trouble with them in

airplane for llight tests. the field. Do you use them to a large

0. D. T'.. , NOTS: Have you investi- cxtent in aircraft In flight, or do you

gat'd the direct effect of shock or have laboratory conditions for most of

sc;. leration upon the various types of your tests? Do you have any tips in

t ncsrie ters? techniques?

D. E. WEISS: Galvanometers used C. 0. WEEBER: Probably the best and
during our tests are checked statically only check on the strain gage itself is
that is, the recording oscillograph is that great care must be exercised when
placed on all six faces, thus imposing the gage is applied to 'the structure,

a l-g load on the galvanometer elements and 1 believe Mr. Weiss has conducted a

along three axes. If the effects of this series of tests in the laboratory where

static load do not exceed, roughly, .01- different bonding methods have been

inch maximum deflection of the trace, they investigated. The following was the proce-

are considered satisfactory. In flight duro of applying gages to the internal

test we usually apply the output of structure of a seaplane, which i probably

fixed resistances directly to the galvano- the most severe condition that you will
meters and thus determine the response of encounter. In this case, the gages were
the galvanometer to the mechanical shock, cemented to thestructure with Duco
Usually, by selecting galvanometers on the cement and &1'-iwed to dry for 24 hours.

basis of these two tests, we can find those "'hen the gage area was coated heavily with

which will not introduce very serious ?etrosene wax and 2-inch-wide strips of

errors. By "serious arrors" I mean that airplane fabric were wrapped around the

if full scale deflection of the galvano- structure and then heavily doped and

meter is of the order of 2 inches, we allowed to dry. This was repeated two

would not permit galvanometer trace or three times. Also, a coating of Neoprene

deflections of more then about .05 or .06 cement was put on the gages and subjected

inch under severe shock--these deflections to heating and drying by infrared lamp.

being measured with no electrical signal, Finally, a metallic cover was placed

or with a constant electrical signal around the structure. We use attain gages

applied to the galvanometers. The galvano- quite extensively in aircraft testing,

meters which we purchase we usually select and groat care must be exercised in

individually from a let. The criterion for ipplying them; but they have beon reliable.

this selection is that the deflection of In thl particular instance, where the

the galvanometer trace not exceed .01 airplane was subjected to rough water



landings, the gages are still sataisfctory as attested te' by load calibrations of
after five months of testing. th, structures beiz.fe and axter field tests.

D. E. WEISS: Such elaborate pre-
cautions are not always necessary. The F, F. VANE, DhM: We have applied
caze described by Mr. Weeber is a rather strain gages to ships, particularly below
extreme one in which the gage was external the *ater line on structural members and
to the seaplane-.a ratt.er difficult set on shafts. There are two main difficulties.
of conditions. In ordinary flight One is to be sure that the surface ip
tests, it Is usually sufficient merely to clean and dry. We have used grinding
cover the ga•e area with Petrosmne "A " wheels, etc. to get the surface flat
wax. Our tests usually #,tend over a rathar and clean and have even used hair dryers

long pertod of time. Our flight test to make sure the area was dry and not too
programs are rntrey completed in less than cold. Then we used Duco cement. Gages
three months. V'4 hn.ve every reason to installed in that fation have stayed put
believe that the j.gm is satisfactor7, for periods 0 .-nths at a time.

I



BRIEF" RESUM OF

RMW BRITISH SHO(= .'IrILS IN SHIPS

By
J. E. Shaw, R.N.S.S.

This paper deals witP the mnan results and conclusions from shock trials carried

out recently on shire, im ltuding the broad characteristics of shock on items through-
out the surface ship and the submarine. The maximum severities of shoc recorded on
the trials are tabulated, and the Jea ign requirements for shock resistance of machinery
and equipment are discussed. The extent to which earlier theories have heer jitstified
and the 4aps in present information on shock in ships are outlined.

I NTRODUCT ION

It is the aim of British designers of (2) The submarine PROTEUS when sur-

naval equipment to design their gear to faced, and REPEAT JOB 9 (the
withstand shock in ships up to the point section of an A class submarin-)
of uncontrollable flooding in the section both on the surface and when
of the ship in which the gear is situated, submerged.
either by making the equipment in- (3) The cruiser EMEALD,
herently strong enough to withstand the
maximum shock forces and movements without It has been our practice in shock in
damage or by mounting on flexible supports, ships trials to Install and record the

movements of special castings or forgings
To further this end and to increase designed to have great ridigity, in order

our basic knowledge on the nature and to obtain %:e bodily movements of the

severity of shock in different classes mass unobscured by local vibrations on
of ship, up to the point of uncontrollable the port.on of the items where the

flooding, experiments are envisaged which meatturing instruments are situated.
will eventually cover the range of ships The accelerations derived from such
from submarine to battleship.Thacertindridfomsh

records multiplied by the mass should
So far shock trials have been completed give forces exerted by the supports on the

against the following ships. items and by the item on the supports.

Thesu masses serve a threefold purpose:

(1) The destroyers CAMERON and (1) To determine the bodily movement

AMBUSCADE - the latter to extend of objects;
our knowledge of shock severities (2) To form a reference for comparing

in destroyers up to the point shock characteristics in different
of uncontrollable flooding and classes of ship;

to check the broad conclusions (3) To assist in calibrating shock

formulated in the rAMERON report. testing machines.

35
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In addition to records taken on masses, A

r~cords have been taken of the movements of o 0.05
maclhinery items and guns. /

-, 0 005
At 'he CA'V-;-N results influenced our

inttru-,nrit-tion for later trials, it It -C*
probablv opportune to r',i,:erate some of *- 1-

the brood cor.::lusions IF-= the CX,4ERON 0 00..
1W_5 -SEOD

trial before proceedinyi to discuss the ft*#o two nS&.d9 A tramyerse.

later ones. a YItICOL C lOA5.WA.*.

Fgure 1 shows the shock characteristics Fig. 2 Typical Accieleroffeter Records. .300
on the husll framing and plating as recorded Pond Aratal Fired 200 Feet from Ship's
by piezoe!ectric Accelerometers. High- 'Side, 50 Feet Deep.
frenjency accelerations amounting to
sevt.ral thousand g can be seen on the
records for the shell plating. Figure 2 As no large high-frequency accel-
shows the shock characteristics on a erations were recorded on CAMERON except
IAulkhesd immedately above the positions on the hull structure, the evidence,.from
vhere the hull records were taken. It these trials Indicated that directly trans-
wil: b.: seen that the high-frequency initted stress waves set up by underwater
accelerations are severely attenuated and explosicnis were of Insufficient intensity
do not exceed the meditur-frequency ncceie- to cause failures except in very brittle
rations. This was also found for items materials9. Failures were caused. ir-
of michincry . general either by relative motion between

independent components leading to mechanisms
failing, opening and Closing of contacts,

Fig-ire 3 gives typical shock character- etc., or to relative motion betw~een dif-
Iscics on the shel! plating recorded by ferent parts of the same Item, resulting
vetoclty meter, md~ Figures 4 and 5 typical In excessive strain at points where there .
characteristics oi shock on a bulkhced. on were large bending moments and thus

a 1-ton casting rept4ose'ting a machimtory causirg either permanent distortion of
itemf, and on cn item of mnachine-ry. the parts wh"' the material was ductile or

fracture of parts when the material was
brittle.

Thus velocity meters were chosen

0 L. as our main instrument for recording the
a o 0_chraceritic of shock, as we could

2 obtain more readily from velocity time

________records informrtion on the damaging

C01_ ___ cha-acteriatics of shock (i.e., accel-
erations associated with displacement,

~ f maximum velocities, etc.) than by using

0e~ffto Y~*t IOC~ 0 id. accelerometers '
E ,t"of$p 4f '* I# 'hV Wtoo In addition to the characteristics

recorded by the velocity meter, items in
Fig. I Typical Acceleronrter Records~ 300. the ship will be subjected to forces

Pomds Amo to! rired 200 Feet from Ship's caused by the bodily movement of the shipI
Side, S0 Feet Deep. as a 0--le and by thn vertical oscillation
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of the Otip as a free-free beam. Although
the acceleration* from this cause are low, FT/SEC I
the displacemnts are high (several inches)
and4 such mvements can result in failure
to certain classes of apparatus (e.g.,
gyro-cortpass suspe.'sions) unless mountings
are designed to protect against these low-
frequency (2-3 cpu) high-displacement ________________

oscillations.

The second de-stroyer to be used for
controlled shock trials fron noncontact
underwater explosions was AMBUSCADE

This ship was an A class destroyer built
in 1928 and had a length of 322 feet, MILLISECONDS

beam of 31 feet, and a displacement of 0 10

1700J tons in her trial condition (draughit

5 VERICALFig. 3 Typical Velocity-Time Records on
FT/SEC F ETCLShell Plating on C.4MON. 300 Pounds Arratol,

j z 2 ~ 30 Feet Oiyth'd., 100 Feet Deep.

\1Z7 the after engine-room bulkhead, and instru-

ATNWAIRTSHIP ment positions were arranged accordingly.
In all, there were 49 Instrumient positions
for record!ng the movements of masses on
the hull, on bulkhead, on decks, and on

FORE AFTmachinery items and guns.

Figure 6 gives a general layout of some
of the principal instrument positions in

MILLISECONDS AMUSCADE, the positions at which charges
f6____f5 were fired, and the charge weights.

Fig. 4 Typical Velocity-Time Records on a
Bulkhead in r4MERON. 1000 Pounds Amato], ITON CASTING
300 Feet Outb'd. , 100 Feet Dcep FT/SEC[ VERTICAL

10 feet 8 inches forward, 10 feet 3 inches
aft). Similar, dimensions for CAMERON ~
were length, 314 feet; beam, 31 feet;

displacemnent, 1000 tons during trials FT/SEC [RTNDISLEIE

(draught 8 feet 2 inches). 4VERTICAL
Both AMMISCAE and CAM0) had framing_____

1 foot 9 Inlches apart, but the AMBUSCAIX
frames were somewhat stiffer than those MIILLISECONDS
on CAMERON, while the shell plating on 0 t a
CAMERON was, in general, thicker than
on AMBUSCADE. Fig. 5 Typical Velocity-Tine Records 0on

Two stations in AMBUSCADE were chosen ibchinery Items on Sea tings Bf! lt Up from
to fire against, one just forward of the the Ship's Framing. 300 Pounds Arratol. 98
break of the fo'castle arid one just abaft Feet Ovf'. 64 Feet Deep.
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In ,dditiont to the main shock tests, a This experiment did, however, confirm
number of minor shots (33 pounds Torpex) the Indications in the CAWMIDN report
were detonated at a distance of 140 feet that u~nder the rates and duration of
from the hull and at a depth of 130 feet loading caused by shock in ships, the
In an attempt to increase our knowledge yield points of -Ltd steel, cast steel.
on the dynamic properties of mild steel and D.W. steel were considerably increased
cast steel, D.W. steel. high tensile brass, and that for stresses somewhat above the
and Admiralty gun metal at the rates of static U.T.S... little permanent set was
loading experienced due to shock in ships. recorded. 'For the high tensile brass and

For this experiment. a mass of 900 Admiralty gun metal, little increase in the
pounds was secured to its senting by two yield point or U.T.S. was recorded.
similar specimens of the metal under For design purposes, the permissible
observation, In lieu of holding-doun bolts. stre~sses ior the materials could be
A velocity meter was mounted on the mass, increased as follows:
anid it was hoped that the forces on the
specimens could be determined from the Mild steel from 16 to 20 tons psi

decelerations of the mass~. Figure 7 Cast uteel from 16 to 18 tons psi
gives a sketch of the arrangements. D.W. Steel from 189A to 24tons psi

The shock forces were not purely Characteristics of Shock

ve-tical, and the horizontal componentI
tended to distort the specimens and introduce The characteristics of shock 6n
additional friction, ihich to some extent AUSMAD, recorded by electromagnetic
complicated the results. velocity meters on masses on the ships

INSrRUMENT POSIiONS

CHRE322 FEET

50 ST'N 132 - TN

WL - W___

200 LOS, MINOL
30,

33 Lb
TORPL

600WLB tINOL 30,

10 60,

3e1,00LBS MINOL

0 too 200 300 400 FEET

W8 LBs ToRPEX

Fig. 6 HMS AARBL&AE



39

framing or masses on bulkheads and onVELOCITY ETERTEST PIECE

decks, are given in Figures 8 and q for
shot A.3 (180 pounds Torpex detonated
137 feet from the ships hull at an angle 900 LBS MASS

of 300) 75 feet deep. jt 0.12. -

D

Figure 8 gives the vertical components. 7
The maximum velocity for these components RETAINING

generally occurred at the first peak SHIPS FRMING BOLTS

(as found in CAMRN), and this cononent
generally decays without exhibiting any A

lower frequency components.

Figure 9 gives the vertical, athwart- (2 OFF)
ships and fore and aft components for No.
50 bulkhead and shows the relative severities 2- INCH LENGTH
of these components. REDUCED SHANK - / /,7/

The maximum velocities for these ,.< "
horizontal components rarely occur at the

first peak. 
A/

For comperison, some of the velocity-

time traces obtained on the CAMER trials
are given in Figure 10 (depth of shot, 50

feet).

There are three main points of dif- P

ference between the broad characteristics
obtained on CAMERON and those obtained
on AMBUSCADE: (4 OFF)

(1) The -time to maximum velocity of LOCK NUT-
Inasses on the hull and on bulkheads in DEXINE WASHER-_ -

AMBUSCADE was much greater than that
recorded in CAMERON. This can be ex- BRASS SLEEVE--.

plained to some extent by the shell plating
bn AMBUSCADE being thinncr and more

heavily loaded than on CAME=.

(2) The decelerationis on masses re-
presenting machinery items on the hull
were a higher pdrcentage of the accele-

rations than on CME and, in some cases,
were actually greater than the accele-
rations. The decelerations, as showIn n the Fig. 7 IS AKSBC4DE. Dyramic Tests. (A,
C cERON report are influenced to some B) Dotnils of Test Pieces, (C) Details of
extent by the stiffness of the snip's section Retaining B&lta.

rather than the stiffness of the shell
plating; and, as the framing in AMBUSCADE (3, The frequency of osciilafon of
was much stiffer than that on CAM , it is masses on the decks of AiUSJCADE was some-
suggested tnat this is at least partly what higher than those recorded on C#MI4.
responsible for the change in the broad This wes due to the generally stiffer
characteristics of shock. construction of the decks as a whole.
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171e 132 LIST MA N 0.1[CKA

UT/icc (020 LIS MA:.G I60B4UKA

0 U 6 ASS 0-4 9,TTO,1 F A$&UU; !5,. 1.6) :170 Fa Fc~ 0 1 - HIL

0- 400 1 S MASS oh VPPCA DECcK V I

Fig. 8 HAlS AX.WCADE. Velocitj'.Time

0 - VERT.CAL COMUOSN7

(D - AT 720TSKUT CO-PNLNT
0 - Foe,* A AFT CZMPef,~'

Fig. 9 HZl AlSUCADE. Velocity-Tine
CharacieritIcs.

VERTICAL
VELOCITY

10

FT/SEC. 3 00LBs AMATOL FIRED

& 159 FEET FROM THE HULL

6p

22

'- SHELL PLATING (NORMAL)

0- ONE TON MASS ON BOTTom FRAMING
0- 99 BULKHEAD

9- ONE TON MASS ON UPPER DECK

Fig, 10 HMS CAERJIW. Velocity-Tim~e Chracterlatica.
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The characteristics of shock are of The maximum values of shock severity

importance when conasiderin flexible munt- are given in Table I and compared with the

Inge for machinery or equipment. If maximum severities of shock in CAMRO.

machinery or equipment is attached to The table indicates that the shock
structures which give the assembly a low severity in AMBUSCADE, except on the

naturual frequency, flexible mountinge are Aicks, did not exceed that recorded on the

unnecessary and, indeed, may eten do harm CAMERON trial.
unless carefully dsigned to prevent

bottoming. SUBMARINES
The risture and severity of shock in

submarines due to noncontact underwater
As a result of the CMW trials, it explosions was measured in shock trials

was found that the most severe component against the submarine I when surfaced

of shock from noncontact underwater and against REPEAT JOB 9 (the central
explosions was the vertical one, and that portion of an A class submarine) both sur-
the vertical shock characteristics faced and submerged. It was not possible

(maximum velocity, initial mean accele- to carry out trials against PBIE1JS when

ration, and first peak of displacement) had submerged, as there were no lifting craft

a sensibly linear relationship with available to raise this size of submarine
W V sin 9 where W - equivalent charge should compartments flood after a shot.

D REPEAT JOB 9 gave a link between shock
weiht of An atol explosive in pounds characteristics in surfaced and submerged

and 9 and *D defined, as in Figure 11, t conditions.
to the point where plastic deformation of

the hull occurs. Thic sensibly linear PWYIHJS was a PARTHIAN class submarine

relationship in the elnstic range with laid down in 1927 and had the following

VW sin 8 which we call the sl.vk factor dimensions:

D Standard

was verified on AMBUSCADE, and typical displacement - 1475 tons

plots are given in Figures 12 to 14, Surface
which show the relationship between this displacnt - - 1767 tons

parameter and the maximum velocities, Submerged

Initial mean acceleratios, and first displacement - 2040 tons
pe*k of displacement for casting on the Displacement during

hull, op bulkheads, and on decks. shock tzials 1880 tons

The approximate formulae developed in Length (extreme) 289 ft. 2 in.
the CAMERON report for estimating the Breadth (extreme) 29 ft. 10 in.

maximum values of velocity and acceleration Pressure hull

for machinery items and items on bulkheads plating 35 lbs. psf

held to within 10 percent for items In Frame spacing I ft. 9 in.
AMBUSCAE, but it must be remembered that
both these ships were built on the trans. No. 2 and No. 3 battery groups were

verse framing system, and the more modern removed from the submarine prior to the

longitudinal system may appreciably affect shock trials,in addition to the 4-inch gun,

the application of the CAMIERON formulae, gun platform and mounting; all anrunition;

store, anchors, andcable anchor; propollers;

The fnal shot against AiBHM.CAIE was linings and loose fittings; and 10 tons
180 pound Torpex Mk. XI depth charge' of ballast stored in No. 2 battery tank.
detonated 3.5 feet from the ship's hull In this way it is possible, with all
just abaft the engine room and at a depth tanka full, to have the submarine in its

of 2S.feet. W 0.4.5 "tri--me.d down " condition for trials
D

I
I
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rhe characteristics of shock are of The maximutm values of shock severity
importance when considerirg flexible mount- are given in Table I and coevared with the
ings for machinery or equipment. If maximum severities of shock in CAMRO.
machinery or equipment is attached to The table indicates that the shock
structures which give the assembly a low severity in AMBUSCADE. except on the

natural frequency, flexible mountinge are titcks, did not exceed that recorded on the
unnecessary and, indeed. mey e*ten do harm CAMERON trial.
unless carefully dtsigned to prevent
bottoming. SUBHARINES

Shock Severity in Destroyers The nature and severity of shock insubmarines due to noncontact underwater
As a result of the CA trials, it explosions was measured in shock trials

was found that the most severe component against the subnsrine FRDJS vhen surfaced
of shock from noncontact underwater and against REPEAT JOB 9 (the central
explosions was the vertical one, and that portion of an A class submarine) both sur-
the vertical shock characteristics faced and submerged. It was not possible
(maximun velocity, initial mean accele- to carry out trials against PxDMS when
ration, and first peak of displacement) had submnerged, as there were no lifting craft
a sensibly linear relationship with available to raise this size of submarine
Y W sin 8 where W - equivalent charge should compartments flood after a shot.

D oREPEAT JOB 9 gave a link between shock
weight of Amatol explosive in pound/s characteristics in surfaced a submerged
and 8 and D defined, as in Figure 11, up conditions.
to the point where plastic deformation of
the hull occurs. Thic sensibly linear PROTEUS was a PA~rHIAN class submarine

relationship in the elastic range with laid down in 1927 and had the following

I sin 8 which we call the sixok factor dimensions:

D Standard
was verified on AMBUSCADE, and typical displacement - 1475 tons
plots are given in Figures 12 to 14, Surface
which show the relationship between this Sur ac1

parameter and the maximum velocities, Submerged

Initial mean accelerations, and 
first

peak of displacement for casting on the displacement - 2040 tons

hull, on bulkheads, and on decks. Displacement during
shock tzials 1880 tonsThe approximate formulae developed in Length (extreme) - 289 ft. 2 in.

the CAMERON report for estimating the Breadth (extreme) 29 ft. 10 in.
maximum values of velocity and acceleration Preisure hull
for machinery items and items on bulkheads plating - 35 lbs. psf
held to within 10 percent for items in Frae spacing - 1 ft. 9 Lu.

AMBUSCAIE, but it must be remembered that

both these ships were built on the trans- No. 2 and No. 3 battery groups were

verse framinq system, and the more modern removed from the sub-marine prior to the

longitudinal system may appreciably affect shock trials,in addition to the 4-inch gun,

the application of the CAMERON formulae, gun platform and mounting; all ammunition;
storeb anchors, and cable anchor propol lers;

The inal shot against IdepAtE was a linings and loose fittings; and 10 tons
180 pound Torpex k. XI depth charge of ballast stored in No. 2 battery tank.
detonated 3the 'eet from the ship's hull In this way it i possible, with all
Just abaft the engine room and at a depth tarka full, to have the submarine in its

of 25.feet. 0 0.45 "trimmed down " condition for trials
D

I
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MAXIMUM

VELOCITY

FEET/sEC

4 0

44 c'MUM IN Na 157 PCAK OF
ACCELERATION * DISPLACEMENT

Fig. 13 HMS ABUSCADE. Plots for Vertical Components of Shock.
27 Pounds Mass on Br, kend (B in Fig. 6).

MAXIMUM

FEET/S.C VELOCITY

SS

MAXIMUM IST PEAK OF
ACCELERATION IN DISC -[ AFLA ENT

30 4

Fig. 14 I1LS AMBUSCADE. Plots for Vertical Ceanponent of Shock.

400 Pounds on Upper Deck (D in Fig. 6).
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TABLE I

COMPARISON OF ILAXIXUM SHOCK SEVERITIES

MAXIMUM MAXIMUM MAX IST PEAK MAXIMUM MAXIMUM MAX. iST PEAK

ITEM VELOCITY ACCELERATION DECEL DISPL. VELOCITY ACCELLRATION DECEL DISPL.
FT/SEC g g -INS. FT/SEC g g INS

V A F,' V A F&A V V V VfA FA V A jFA V V

ONE TON & 
I

MASS ON 13 5'5 1'5 170 28 20 70 1"6 14 4 - 110 40 - 120 1"5
BOTTOM

MACHINEPY
ON 22 2 -220 24- 110 2"3 164 - 80q 0- 4900

BOTTOM

MASS ON
LOWER 8- -25 13 14- -160 60 ;'3
DECK _

MASS ON 40
UPPER 16 - -14- 7-0
DE'K

MASSES
ON 13.s 3 3 130 20 15 - 13 11 4 3 50120 20 70 14

BULKHEADS

SINGLE 

J

4 7 INCH 725 18 1"6

GUN

V VERTICAL A - ATHWARTSHIP Fs A - FORE AFT

"1
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(draught 16 fest 10 inches) and to have and copper crusher unts were liberally used

a reserve of buoyancy by blowing the to back up the readings of the velocity
taks. Arrangements were made so that maters.
Nos. 4 and 5 main ballast tanks could be The first series of explosions, using
blown (by H.P. air) from t'he bridge in the hedgehog (33-pound Torpex) charge,
order to recover reserve buoyancy before were made to determine the angle at which
cmterang the submarine. the optimum shock offects, occurred on

Nc. 90 bulkhead was chosen as thit equipment in a surfaced submarine as a
zasin station to fire against, with a ftw trast of dropping depth charges at a
shots against stations 130 and 137. given horizontal distance from the vessel.

A 1-ton casting was instplled at The remaining and more severe shots,

station 92/93 on the starboard side 9nd a which included charges of 315-pound Torpex
%-ton casting secured overhead at station 330-pound Minol, 43S-pound Minol, and

86/8?. Both were fitted with velocity 2000-pound Amstol, *ere chosen to determine

meters for recording the vertical and the vulnerability of the various items of
athwartship comonents of the shock motion. equipment and the effect of varying' the

weight and composition of the charge.
Instruments were fitted to the pressure

hull plating and framing, the main engine, Characteristics of Shock
main motor, switchboard, to various items The characteristics of shock recorded
of auxiliary machinery, and to mild steel The prcsur lti ng af r aming~on the pressure hull plating and framing
duns cells in a small battery tank. The and on the various machinery items and
general layout of Instruments and the carting are given in Figures 15 to 19.
charge positions In the plane of 90
bulkhead are showi in Figure 15, Relative Figure 16 gives the velocity-time
displacement Indicators, resonance meters sig._ture for shell plating and framing

A MOTOR' ENGINE
----- 230 FEET

'33 LBs TORPEX

90 ST'N. 10 LS TORPEX

WL--- to, o ,,0 ,o 250 551

0330 II MINOL
SEET0 .IS SNOL

FEET 02000 LAS ANATOL

FJ. 13" HS/M PROEUS. (A) Instrurnnnt Positions; (B) Charge Positions.
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NOsHAt at stations 73-751nNo. 3 battery tank from
ELCITY a 3.3-pound Torpex charge detonated 48 feet

from the pressure hull at station 90 and

SHELL PLATIFIG 1 at s depth of 28 feet.
RELATIV E TO F A NG T i

(INVERTED TYPE l iIr.v. he stgnature 11VF2 gives the record

VELOCITY METER) on Frame 74, 11VN gives the signature of

the pressure hull plating between Frames
74 and 75, and lIRVN gives the relative

/u l velocity between plating and framing at
SHELL PLATING -. stations 73-74. The relative velocity(STANDA.-W al I /

VELOCITY METER) meter had only the weight of the coilassembly secured to the plating (the

"--" 4- weight of the magnet system, etc., being

FRAMING / borne by the two adjacent frames) and,

(STANDRD in consequence, the velocity recorded on the
VELOCITY METER) IIVF, plating was very much higher than "hat re-

Scorded by the standard velocity meter, vhich

, vwighs approximately 35 pounds.
,,.U4CCO.QS Figure 17 shows the shock signature

on the shell plating below the 1-ton casting
Fig. 16 HMS/M PROTES. Velocity-Time at station 9Z/93 and the vertical components
Characteristics (D in Fig. 15). 33 Pounds of the shock characteristics on this
Torpex Fired 48 Feet from Pressure Hull. casting and on the %-ton casting overhead

at station 86/87, all recorded by the

standard type of velocity meter.

VERTICAL
VELOCITY

'2

F T/S EC.

33 LBS. TORPEX FIRED

48 FEET FROM PRESSURE HULL

2

Fig. 17 HAIS/IM ROMS. Velmcjty-Time Cluracteristics. (1) Shell Plating Normal
(A in Fig. 15); (2) I-Ton Mass on rank Top (B in Fig, 15); (3) InTon Mass on Framing
Overhead (C in Fig. 15).

I
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It will be seen that the maximum In aadition to these characteristics,

velocity on this pressure hull plating, there is the low-frequency osci laion

although slightly nearer the explosion, caused by whipping. No reliable whipping

was less than that recorded on the pressure records were obtained on this trial

hull plating in No.3 t:attery tank. The but it is hooed in future experiments to

heavy thickness of plating made this record the whipping of submarines caused

pos ible in conjunction with the increz'sed by noncontact underwater explosions.

loading on the frames in this part of the Shock Severity
submarine (engine room). It was found that with the submarine

The shock signature on the two castings surfaced and charges dropped at a given
showed no.pronounced high-frequency oscil- horizontal distance from the axis of the

l[tion, and the athwartship componencs submarine, the greatest shock effect is

(Figure 18) were very much lower than produced if the charge explodes on i plane

the vertical ones. making an angle of 270 - 300 with the

Figure 19 shows the shock signature horizontal at the axis of the submarine.

for the main motor and main engine shot The values of maximum velocity and

vertically below keel 59 feet deep. initirl mean acceleration recorded on items

The main engine records indicate that of machinery and equipment for a given value

the position chosen for the velocity meters of shock factor were considerably lower

was not ideal, a! local vibrations appear than those recorded on destroyers, but

to mask the record of the main bodily the stubmar.ie, with its stiffer and thicker

movement of the machine, pressure hull, can withstand a very'much

VELOCITY

T/SE VERT

f A 4
a 10 Q 1N22

MIL.LISECONDS

VELOCITY

3 VERTICAL

FT/SEC.

2

B ATHWAARTSHIP

0 -1 0 It 14 10

MILLISECON ,

Fig. 18 HS/M M-ROTEUS. Velocity-Time Characteristics, 33 Pounds Torpex Fired 48 Feet

Ii'om Pr'jssure Hsl. (A) I.Ton Mass on Tank Top (B in Fig. I5); (B) %.Ton Mass on Framing

Overhead (C in Fig. 15)
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Fig. 18 HKSIM / FROYrF.. Velocity-Tine Characteristics. 33 Pounds Trrpex Fired 48 Feet
from Pressure Hull. (.4; 1 -Ton Mass on Tank Top (B in Fig. 15); (B) li-Ton Mass on Framing
Olerhead (C in Fig. 1,5)
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MILLISECONDS
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MAIN MOTOR

Fr/SEC.VERTICAL

ATHWARTSHIP

24 ----- --
MILLISECONDS ----------

Fig. 19 1IMSIM IRO7ELS. Velocity-Tinre Characteristics. 33 Pounds Torpex Fired 43 Feet
from Pressure Hull. -
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asflIwi H
-V"f1 re,;, t PEA" IM Ir22m" Ist pt"

r 75 730 ! - .PLATSSS____

K.- j7 1- 5-0 40 0-

~HALF, Ton FIASS 12-5 120 1.5 I5-3 60 5
OVERHEAD _ _ _ [Ij

MAGINE 10-5 1 00? 1-6 I-- -I

MAIN 12-Z so 3.9 1 9 so 0-

m 88 12 - - 15 1 0

PL £~r FR~mING RECORDS TAKE NORflALTOPLI.The demensionz of REPEAT JOB 9 were The following item were fitted In the

as fo L own: maiv compar t~ent:
Overall length 81 ft. 8 in. (1) Tobattery tsg*s. each containing
External diaeter 36Acassubmarine cells and

of pessrebil 1 ft4 mild steel dummy cells ( of the
Fresure ullsome weight and size as A classPlatsung hullb.ps submarine cells) fitted with

(S. Qality) velocity meters. Both tuiks uere* Breadth over ex- "stepped" and had rubber pads in
ternal tanks 20 ft. 8 In. the battery tank woodwork.

Displacemient for (2) One ballast pump (50 tons/hr. at
surface shots 100 feet head) an 16 - AIL. flexible
(~draught 16 ft. 6 In.) 4§8 tonsmonigTye20()

Displacement formonig Tye20()
s&A~mrgedshot ~ ~One trimming pump (12 tons/hr. atNe ged hotsn for tos 24 feet head) on 8 - AR. flexible
submeged hots4 ~,mountings Type 250 (S).subergdasots4oxn) (3) Three 1-ton special castings

Dead weight wher(aprx. Three %-ton special castings
full of water. 180 tons, both

(approx-) representing auxiliary machinery
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(4) Misceilanec-um items udirkdepth presVre7 !=I!. =- be & ffracted around the
Wauges. s:a24-..-d valve. . air hull at the velocity o; sound in Water, I
syster. at- i-ottlei. etc- then as the diffracted ptise reaches points

- geoeral zrrangene plans z above the cztre line of the s. -sarine. the
sections a - shown in Figure 20. ges-ersl effect will be to reversz the up-

lb-. nri Torpez .rn were used for warC mtior. -.- arte. by tho:-! below the

t-is trial. and i.-:e 2z Cg- tepositios c ,re
at vrtW. _&es wertdetcrtated. This awsmes that. with the irull sub-

Cbar.eteristic-. ,; Shock =erced. a presstre acting radially Irnrds

7'= 'L--rCt_'7~ti-S f bcc cc=ases buitds up around the 1=ll, but ince it Is
he $--g-ract.,stic" " of sc o Css . -esult of diffraction. its values carot

S!2 on a du=r c--:- Z L ' I" s shots s be di. -ctly assessed.

surfa*cr and subnerged are tiven In
Pizure 22 to26- -y efi~ts oi the pressure p~lse near

Fi.-ure2 22 to 26. the sea surf*ce will be largely nullified
! ti be -e-- tt t 9 sltmatures by sea surfsce cctoff, and t zi- one -aculd

for It-. in the s,--e ne. ibether rigljiy not an tricipate any areciable re-ersas of i
mounted or flexibly co-rted, differ force f:= the diffracted pressure puuse

considerably for sLilar s!tz. depending whn theu .a is surface-

ors hether the suharine is surfaced or

srbnere. eplos s 7D f_--r fro= the nearest
ib- r-- -ziem,(.. s point cn the hull of REPEAT 10 9, this

o . e effect should be noticeable so e 3 - 4

ree eang their -! _.eity in !&ss than =illis5ads after the first ipingezent of
3 milliseconds) the effectof ubmergence the pressu;e pulse on the hl. AMso. the
was to incresae the deceleracions byneeaiz2 tior, effect of the increased resist ce F

approximtely 60 percent without any to otien should begin to Influence ite-z-
appreciable change to the values of after the !-n rt v!_ :eakt. for stress raves
-mr, velocity or initial zean acceleration. to travel 180t' around the bIll and baci

The flexibly mounted items (i.e., (in this case about 2.8 milliseconds).

items reaching their m-*xim velocity in Thus, 2 divergence of the rraces between
core than 10 milliseconds) the values of 3 and 4 milliseconds for surfaced and sub-

both the maxhiim velccity and initial =erged conditions could be explained by
ean acceleratiens, recorded with R AT either .-pothesis.

JOB 9 surfaced, were reduced by about y zhei

50 percent for similar shots hen sumerged. Rigidly mted items which reach their
maximum -elocity in less than 3 2adlliseconds

It will be seen that in most cases this xim vlctinesth 3 iliendwould have only their decelerations affected
is a definite divergence between the by this feature, mile flexibly mounted

velocity-time traces for surfaced and sub- ites which bed not reached their maximun

merged conditions commencing et between velocity or accelerations in 3 milliseconds

2.5 and 4 milliseconds. veuld have both these quantities reduced.s

A tentative explanation would 
appear to

be that these effects are partly due to

diffraction of the pressure pulse around Shock Severity

the hull and partly due to the increased It was found that over tie larger

resistance to motion of the ;,u!l when sub- range of angle explored in 'L. 7 aT .
merged. z -ck severities gave a more linear re-

Thus, on submergence, if it be assumed lationship with V/ sin 0 than with

that the pressure pulse, after reaching b

points on the hull where the line to the /7N sin .This can be partly explained
charge position is tangential to the D

,4
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I TON~ CASTING 0

-SUIVA~toI oON CASTING 0 0

- k~cdSU41ACED

4 IILUSECONDSj
02)*

I8OLas. T0qPEx 7OFFiT FROM1 PRESSURE uZ L

I TON CASTING 0 ULZO4S1

7EET/SEC. DUMMYr BATTERY CEI L ON RUBBER PADS

4 SRAEt

NORMAL

S0j SURFACED

(4 -2 MILLISFCu1OS rzEET/ EC

DUMMY EATTERY CELL ON RUBBER PADS C25)tSUMGE

MIILLI SECONDS

I SURFACED

4- SUBSERGED 80 Pounds 7or pox 70 Feet From

Pressure Hull.

(214 t 80 Pounds Torpex 70 Feet Befow i

I + 0 1z14 1 toPressure Hull.

MILLISECONDS

Fig. 22 -26 Velocity-Time Records from JOB 9 Showing Effect of

Submerging.
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by the very st:,i cylindrical hull of the Had the final shot been fired on the

submarine, - .dlng to cause t' . huli lo oppositz sldeof the target, it is estimated

move, lik- solid cy|-:dar; h)erreas for a that ihel-ton masses wotld have experienced

less sn.:' -nstc:ion. the motion of tbt maximum velocities of about 22 fps and

item i3 chiefly governed by the movenre.:s tnitial mean acceleration of 500 g.

of p!ating surrounding Its supports. REPEAT JOB 9 was a very lightly loaded

"r.e penultimate shot (180-voundTorpcy.' tsrget compared with a completed sub-

7-3 detonated at a distance oi 2. 'e'. marine, and the shock severities are very
Y .7 much higher !han those obtained on PRODTfS.

D 0.75) from the ;,esa'.!: h'.ll with (In addition, it should be added that RIFAi
D

REPEAT J.B 9 submerged tc a depth of 110 JOB 9 had a wholly welded structure, there

feet. This shot caused so.e at;gt plastic PROTEUS had a riveted hull.) For example.

dishing of the pressure h:ii, ard the maxi- if a shotof this severity (180-pound Torpex

mum indentationwas l% ;,wnes. All machinery 19 feet from pressure hull) were being

and the submarine cells wereundaraged (with fired against PROTEUS, the estimated values

the exception of one corner cell which was of maximum velocity and initial mean

cracked due to distortion of the battery acceleration (obtained by extrapolation)
tank sides) andrisachinery ran satisfactorily would be:

after the shot.

The final shot (180-pound Torpex) at
19 feet ( _ - 0.86 ) from the pressure Maximun Initial Mean

p Velocity Acceleration

hull caused tvo large tears in the pressure 1-tcn casting 18 fps 200 g

hull, one at station 21-22 and one at Main motors 13.8" 90 g

station 19, and between these the hull Main engines 11.81" 110 g(ex-

plating and framing had been pushed in to cluding the

a maximum of 4 feet 6 inches tc.king t,,e H.F. oscil-

ballast pump platform inboard where it latior on

assumed a position at approximately record).

350 to the horizontal.

It would thus apear that submarint Further trials are being p!anned

mcchinery mounted on noise absorbing ,rrunt- against ACE on A class submarines, with

ings and submarine batteries i- the the object of verifying the maximum

rubber padded tanks, as in normal British values of shock severity in submarines,

practice, will withstand shock up to the to act as a proving trial for A chass

point of lethal severity without damage. submarine equipment and, by means of an

This is a considerable achievement. array of P.E. gauges around the outside of
the pressure hull and velocity meters inside,

Teo aximmn vales of shocAT sev 9werity to explore more fully the mechanics of the
changes in shock characteristics when sub-

merged.
Velo- Accel-

city eratlon

Castings - ton (normal) 29 fps 700 g CRUISERS
'A ton (vertical) 18.5' 320 g

'A ton (athwart-
ship) 12 " 220 g Shock trials were carried out against

Batteries (flexibly mounted) the cruiser EMERALD to determine the nature

vertical 6 " 64 g and severi.ty of shock in doublo-bottern
nthwnrtship 6.7 " 73 g ships of the cruiser type.

I
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C. h j=9c-t== wi-tEh C=z Qz~~E '' e c-r-faceristizs of the ideal shr&
Zs= im do i iffe--c=- classes of 0hp of the, smchirar should be eapsbl e of al terrat ion

antm-imrx srerity of sbcl" liLely to be zz re _Iz freqancy of oscillation, but

e2Pr-z=Ce ic =Ty pzzitiom i= eachr class this we=cid resclt in a co2mpiicated nzchime.

o. S&EP. = it zs fel t that. provied the shock

M s-I! t Fizures for Sbock =*:hL=e-- cacrtizcs imclude the broad

simpest_-X-!tc to ~ etrer frtquency bands obserwed io ships. the

2=7 eceL_ or.l nei~ed .o 7 ino re-srJts w--- 11no be niistleading except whe

==&%_ iec anians or.l -N':sored, th ien Zof testing ite~s on flexible mountings-

characteristies amd nximm sevTerity. of

zb4 in. s!:-sc~e yoorctat unde--- The British policy is to design

watez esplosions wld be to sec:3re i t to nechnisns like switc-h a-bd control gear to

a shock testing =achime 2&ichl prodices withstand the shock tests when rigidly
similar Shock cteristics S3d sewre-zities attached to the target plate of the shock
to tbose cbservtd in ships. Sucth a machne =schine and~ then to install the gear

Vcild do the ccplcated shock mathematics on flexible =ot--ntings in ships giving an

2= ZSXNe- whether the iten is V~od or bad -Zed fantor of safety.
f 2o sb,c 7ieap~iA;- The broad frequency bands for shock

Obscure failures Of =echai-s on ~-& testing nachines should include one band
machines can be exgoined in slow not ion between 40 - 100 cps wa one between 2 - 5

tsing high speed cine cawras, ard re~edie2 cps (the latter being associated with

can often be indicated more reDo'liy by displacenents exceeding 3 inclwes to simu-

this zsens than by i,.athenatical endeav~our. late vhipping covements).

TABLE III

H.M.S. EMERALD

IJ MAXIMUM MAXIMUM IMAXIMUM 1ST PEAK
ITMVELOCITY j ACCELERATION [)ECELERA-HI DiSPLAcErEx
ITMFT/SC g-- g INS

90 E VERTICAL IA-mwA_-Ts1iiP FORE :AFT1 VERTICAL -TWRS FORE & AFTi VERT;CAL VERTICAL

oil OV-iE; BOTTOM 30 - 00 200 1.9
(TANKS EMPTY) ____ ________ ________

ONE TON MASS

ON INNER BOTTOM 20 13 - 400 j100 - 75 1 8
(TANKS FULL) ____________ _______

* ~~ONE TON MASS 1 _ -
ON INNER BOTTOM 9 9 16-0 150 -- 1-5
(TANKS EMPTY) ____

* ONE TON MASS

ON LOWER 8 - - 80 - 45 1 5

MASSES ON1

[ATHWARTSHI1P 6 3 3 60 25 18 20 1 0
BUL KHEADS ____ ____ ____ ____ ________J __ _ _
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It is ctr ai to prodce a shc,-k testing both, cannot be positively asserted; but

atachine capable of shock testing machinery it would appear that machines manufactured

weighing up to 15 tons. The design of of mild steel, D. W. steel, or cast steel

the -achine has not been cozpleted, but, and designed to withstand static forces of

briefly, it will consist of a catapult 120 g upwards 60 g downwards, ad 60 g

accelerator which strikes a 10-ton mass athwartship (applied at the supports of the

which, in turn, accelerates the target machine) will withstand shock forces at the

plate by =eans of hydraulic buffers. The rates of loading and duration experienced

target plate sill be decelerated by means in ships of almost double these figures.

of hydraulic rams with adjustable parts It would appear from our trials that
attached to a 30-ton mass, so that the de- machinery when rigidly mounted in ships
sired characteristics of shock may be may experience shock forces in the
obtained, vertical plane as listed in Table IV;

For machinery items, it has been the MAIN MACHINvE eel. acc.

British practice to design auxiliaky (fps) (g)

machinery, which in service is rigidly se- H. P. Turbines 8 - 10 100 - 120

cured to the ships structure, so that the L. P. Turbines 6 - 8 50 - 60

stresses in the machine donot exceed 16 Boilers (measured at 4 - 5 40

tons psi for a load equivalent to 120, the top of feet)

weight of the machine vertically upward, U MAIN E 12 - 14 100

60 the weight of the machine 
vertically

downward, and 60 the weight of the machine AlJXlLIAY MACHINERY

athwartship, applied at the supports of the (See also the supplementary Tables under
machine; and the securing bolts are de- "Comments").

aigned to have . stress of 25 tons psi under Neither the deceleration nor the

forces cau3ed by a deceleration of 60 g horizontal athwartship forces, in general,

Machines so designed withstood accel- exceed one-half of the maximum values

erations of 220 g associatedwitha maximum quoted above.

velocity of 22 fps withoutmechanical failure In order that the weight of machinery

or any measurable permanent distortion. items may be kept within reasonable limits,

Whether this result was caused entirely itis felt that'items of auxiliary machinery

by the obliging nature of mild steel should be mounted on flexible mountings

increasing its yield point (due to the capable of reducing the shock accelerations

load being rapidly applied and only main- to a figure not exceeding 120 g and that the

tained for a short inter/al of time), or auxiliary machinery should be designed as I
whether our method of asseasing the mean at present to withstand ais magnitude of

accelerations gives unduly high figures, force, applied statically, without damage

or whether the result was a combination of or distortion.



TABLE IV

MAXIMUM VERTICAL SHOCK Cih4RACTERISTICS FOR MACHINERY

MAIN MACHINERY 'vELOCITY ACCELERATION

H.P. TURBINES 8 -10 FT/SEC. 100 - 120 g

L. P TURBINES 6 - 8 FT/SEC 50- 60 g

BOILERS (AT TOP OF FEET) 4 - 5 FT/SEC 40 g

SUBMARINE MAIN ENGINES 12 -14 FT/SEC. 100 g

AUXILIARY MACHINERY

1 CRUISERS DESTROYERS SUBMARINES

POSITION J ITEM VELOCITY ACCELERATION VELOCITY ACCELERATION VELOCITY ACCELERATION

FT/SEC. g FT'SEC g FT/SEC g

HEAVY MACHINERY 12 - 15 120-180 - - 12 - 14 100
3-10 TONS

ON THE MACHINERY ITEMS

SHIP'S TES 17 250 1b 180-220 - -
BOTTOM I - 3 TONSBOTTOM

MACHINERY ITEMS 20 400 16- ?0 150-250 20 250
3/- IV TONS

ON THE MACHINERY ITEMS 8
UPPER 8 80 7- :6i 45-
DECK 3/4 - P'/2 TONS __....

ATHWARTSHIP VALUES RARELY EXCEED ONE HALF THOSE GIVEN ABOVE

t°
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DISCUSSION

J. T. MULLR, BTL: In Figure 8 you For the string, th; displacement kink moves

show a negative velocity. How does that at a uniforia speed -long its length, in

happen? manner illustrated by ports "b" and "e" of

J. R. SHAW, R.N.S.S.: Figure 8 is a Figure 32. A locatiorn or.the string par-

record of the motion of the deck. The takes only of a single quick displacement

deck receives its motion from the bulkheads as the kink moves by. However, when the

which support it. It is conceivable that center of a bar is quickly dipleced, the

at times you will get a slightly downward shape of the bar at some first 6nsttnt of

movement (due to the supporting bulkhads time is shown in "e" of Figure 32. The

being a bit out of phase) before the deck nds of the bar are still in their original

starts to move up. positions. The parts of the bar below the

line connecting the ends bave moved back-I. VIGNESS, NRL: I would like to wardl. Generally, the shorter the wav-length,
make one cormient on the same subject. Mr. the faster will be the propagation along

Muller knows the 4A plate on the light- the length of the bar, and thus the shape

weight shock machine. It Is merely a of the disturbpuice will continually change.
flat plate supported by channels on two A particle located at some position on the
edges. We can have those two edge. start bar will first experience a vibratory motion
moving forward with a certain velocii:y as about its original position. This

the plate receives the shock excitation. vibratory motion will begin at very high
When the two edges first move forward, frequency and very low displacement acpli-
the center of the 4A plate may move back- tude, and the frequency will become less and
ward. This backward motion is easiily the amplitude greater as the waves pass

observed in the acceleration records and is down the bar. The bar will not vibrate

also noticeable if accurate displacement about a new position until the point of

measurements are made. This backward inflection closest to its center has passed

motion can be explained by consideration by. For simplicity, transients involved in
of the rigidity of the plate to bending, in stopping the bar harve been neglected.
addition to the usual consideratons of mass

and tensile propertles. This rwsul t caninost J.P. WALSH, NRL: In the CAMERON report

easily be illustreted by the behavior of a you got shock characteriatics up to a value

bar when its center is quickly disrlaced a of 0.2 and then gess-', that In the pistic

given distance perpexdicular to its length, range of the hull the characteristic curve
would have a slop.e t..f about one-half the

Figure 32 illustrates the differencein slope in the elast.c range and go out to a

response of a string (which will support shock factorof0.6. Has this been verified

no bending moment) and a bar when their in later work, and are these values which

centers are quickly displaced a given small you have shown maximum valuer up to the

distance perpendicu!ar to their lengths. point of uncontrollable flooding?
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J. E. SHAW: F;r3t of :i, you want to
know, "Have we confirmed'fhat the slope is a d

about one-half when approaching the t-

?laastic range?" I don't think we have W . . . i .. __-

enough evidence to say so. Some of the 0 b e
results indicate that while the velocity 5
may be about one-half, the acceleration -
against shock factor can be almost hori- C f
zontal. We can get only about two shots
per ship in the plastic range. That makes
It difficult to get sufficient data to Fig. 32 Response of S ring and
make sureofour ground. We are not certain Bar to Quick Disnplacement.
that it is half the slope. The velocity
looks like half the slope, but we are not
sure that it is half the slope for accel-
eration as well. J.E. SHAW: Yen.

In answer to the second part of your J. P. WALSH: In the CAMERON report
question, the maximum values that we have predictions were made and correlation was
given are for some of the items which were found for maximum velocity in terms of
actually measured, but others were extra- stiffness of plating, framing, etc. On
polated. For the extrapolation, we have the EPflALD, a doubli-bottorr ship, were you
taken half the slope of the curve in the able to confirln that?
elastic range. We may be a bi too high
or too low. J.E. SHAW: We have not clone anything

on that yet. Actually, oo the F.MER/LDJ. P. WALSH: Up to what shock factor we have two problems., With the space be-
was this extrapolation made it, order to tween the inner and outer bottoms full of
get these maximum values? water, anything on the inner behaves very

i.E. SHAW:, Up to the shock factor similarly to the bottom of a single-hull
that we had on each ship. For instance ship. When the apace beteen the inner and
for the submarine nd for JOB 9 it was outer bottoms Is empty, you get a crmss be-
about 0.8 6 For the E7EPLh it was around tween something on the deck and something

on the bottom of a single-hull ship. WeJ.P. WALSH: These are the values at haven't the analysis finished yet. We
which you would expect uncontrollable are still only a very small team. This Is
fluo rig? being done, but it is not completed.
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CONTRASTING LAND VEHICLE PROCEDURES

By

C. D. Montgomery,

Aberdeen Proving Ground

The difference between a target ship circuits would open when impacted and
trial and a land vehicle test makes a com- instruments would be damaged. Possibly
parison difficult. My particular field there were many other cases of combat
involves land transportation, but the vehicle component failures due to pro-
closest approach to this type of testing jectile impacts which were never thoroughly
made by the Aberdeen Proving Ground on investigated.
land vehicles was the qualitative tests
performed on various Wheeled and tracklaying the rdce Departmen a ahi me
combat vehicles to determine the most mine-
resistant armor plate for various vehicle facturing progran for production of a Light

designs. The qualitative nature of this Tank MSAl which was a welded hull, and

testing does not permit direct comparison every effort was made to prevent secondary

with the test work described in the pre- projectiles.

ceding pepers; however, the description
of another shock test on a light tank may
be of interest, obtain test data on the impact shock

phenomena and to supply design information
Early experience in the war with the for tank stowage mounts. The test ob-

Medium Tank M3, having a riveted hull, jective was to establish a means of shock
gave the Armored Force disagreeable ex- testing by firing at the tank with 37

perience with a difficulty called secondary millimeter and 75 millimeter proof pro-
projectiles or missiles. The armor on this jectiles. A proof projectile is a crudely
particular tank and others consisted of made round simulating the mass of the
riveted structures which, when shocked, more expensive armor-piercing rounds.
would cause the interior portion of many
rivets to ricochet inskde the tank, The 75 millLmeter proof projectiles
Riveted tank hulls were immediately re- subjected the tank to an Impact which was

placed by welded hulls; however, then different from the type of shock caused by

stowage brackets and various other types a hole-punching, 37 miiiimete., armor-
of mounting equipment which were originally piercing round; however, the impact of the
attached to the armored plate became larger proof projectile might simulate the

secondary projectiles. In addition to fo.ces caused by an HE air burst or a
secondary missiles, electrical firing mine blast.

63
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The Ordnance Departmont at Aberdeen pointof impact. Thus, the greatest accele-

Proving Ground had no experience with the ration measured was from approximately

shock effect of projectiles on tank armor 8000 to 10.000 times the acceAeration of

except in a qualitative way,and, therefore, gravity and in some instancer as high as *

called upon Westinghouse, General Electric. 9000 cycles per second. Crystal piezo

and MIT to assist in this program. It was accelerometers brake in this area, and it

decided to measure acceleration&, strains, iz possible that higher accelerations were

and absolute displacements. The instru- present, if they could have been recorded.

mentations to accomplish this were: The impacting energies of the 37 and 75
millimeter proof projectiles used at the(1) Piezoelectric type accel eromet ers

with low-pass filters where needed, test velocities caused similar accelerations
of the armor for both types of projectiles.

(2) Tim1e displacement records with a There was an indication that the harder,

solenoid type of travel recorder. armor-piercing type of projectile caused

(3) High-speed motion pictures for greate- shock to the armor than the softer

absolute displacements. proof projectiles.

(4) Magnetic and resistance strain The absolute displacement of the turret

gages for the measurement of stress when impactedwas found to vary from 1/2 inch

components. to I inch. Absolute displacements of the

Test procedure generally consisted of hull were approximately from 1/4 inch to

firing at representative areas of armored 1/2 inch.

tank hull to simulate an anti-tank type of Much of thib displacement may be

attack. The tank's armor varied from accounted for by the roll of the vehicle's

1 1/8 to 1 1/2 inches in thickness. springing when impacted. Similar phenomena

Several reports were written covering occur when a tank un is fired.

the data of this test; in general, the re- When the impact shock was transmitted

sults were grouped according to the through the tank turret plate to the oppo-

location of the shocks as related to the site side of the turret, it diminished to

impact area of the projectile. This is a approximately 60 percent (that is, from

convenient grouping, for the magnitude oi 8500 g to 5200 g) and had about the same

the accelerations logically grouped them- frequency. When the shock had traveled
selves according to tie following areas: from the turret across a bearing joint to

a. Immediately behind the projectile the tank hull, the shock value dropped to

impact, 40 percent of its original value.

b. In the immediate structure, Time in the order of a millisecond was

c. Remote from the impact area, or required for the shock to be transmitted to
those regions remote from the point of

d. Isolated from the impact area by impact. As mentioned before, any discon-

joints or resilient material. tinuity in the path caused the shock to be

It should be noted that the magnitude decreased; for example, the failure of the

alone of the accelerations does not give armor weld caused the shock to be reduced

an indication of the damaging forces; also, to 10 percent of its original value.

the phase ielationships of the component

structures tested probablycause a variation For vehicle components isolated by
in test results. resilient mounts, the shock would decrease

to approximately I percent of the original

The immediate vicinityof the projectile value. The tank engines were found to be

impact is considered within 12 inches of the nicely isolated by their normal rubber vi-
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bration mounts. Frecuencles of the impact estimated value. Strain gages were
transmitted to the engine w-re reduced to particularly useful devices when a bending
approximately 10 percent of the original moment imposed on the component would
value for resiliently mounted ite--s. indicate the relative severity of the force

The rubber mounts attenuated the shock imposed on the structure of the component.

except in some cases *here no snubbing or The greater use of shock mounts was
restrictions were provided to limit the probably the principal result of this
absolute displacement. An example of this test. However. there were other design

was the rubber mounts used on the tank changes uhich were of equal usefulness.
instrument panel. The panel was thrown Additional testing is needed in this
from its rubber mounts. As the test field, and it is hoped that funds will be
progressed, spring steel shock mounts were available for further investigation of
developed. In some Instances these greatly tank shock effects, especially of mine-
reduced the shock to the order off 20 percent blast shocks.
of the orignial impact value; however,
sufficient room had to be left between the

shock mount bracket and the instrument to
prevent d nageby the absolute displacement.

I. G. E. Report No. 72346,
Strain gages used were mounted on

various components in the vehicle. Strain Shock Tests on Light Tank MS,
and frequencies of the strain were measured Oct. 21, 1942

on the object. In many cases, !iowever, 2. WV. E. Co. Res. Report SR-148,

the material yielded and strain was only an Sept. 21 - 27, 1942

i

.1
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COMMENTS

The following tables were presented in- value of material under shock conditions
formally by Mr. Shaw at a Bureau of Ships and by other unexplained phenomena.
conference. They contain design infor- Equipment designed to these values should
mation by which the required strengths of withstand shock intensities that would
machinery supports and major machinery cuse uncontrollable flooding of the ship
parts can be determined. The design in the vicinity of the equipment. The
accelerations given are the result items in Tables 1. 2, and 3 are for
of v'elocity meter measurements taken essential ship equipment. For less im-
during the British underwater. noncontact portant items, where more breakage can be
explosion field trials. The values given tolerated. Table 4 is included. It is
are about one-half the experimentally to be noted that the values given may not
determined values. This factor of one- be included in their final design seci-
half was arrived at on the basii of fications but are, at present, recommended
damagc observation of installed equipment values. The design values are applied as
and is accounted for by the increased yield stat-c values.

TABLE 1

MAIN MACHINRY VEH ICAL ACCH1ERATIONS

Cruisers Merchant

and Above Destroyers Submarines Ships

Acc. Dec. Acc. Dec. Acc. Dec. Acc. Dec.

Po_ition g g g g g
H. P Turbines On seating at- J 50* 50 50 50* .. .. 20 15

tached to 
t

inner bottom to to
or 40 25

outer botton
I P. Turbines 25* 25* 25* 25* .. .. .. ..
Gearing 50 30 s0 30 .. .. . ..
Reciprocating Engines 50 30 50 30 50 30 .. ..
Boilers 25 1S 25115 .. .. .. ..
Main Motors " "- .. -_ -_ 50 30

*On rigid resilient mounting. This munting consists of a corrugated piece of material
which acts as a rigid body until the forces reach certain definite values, after vhich
the corrugated material crushes considerably foi only a small increase in force.
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SAVISULL

A rep of t of gendra dinereti to the

e titled 'lstrunentz for Measuring
Viratio an Sk cnSip Str-tues and

Machinery.-" IMB Report 563, will be

2-si lao-!e 1., .:±st 194& Characteristics
of the is instruets discussed in
this report are ta-sisted in Shock and
Vibration B=lletin No. 3. May 1947.

Copies of the co=pleted report =ay be
obtained by request frm the David Taylor

W65-l Basin. Technical Inforzation Section,
Wxshington, D. C.

Copies of the -Interi= Definitions and
St2amdrds for Shock and Vibration- hcve

been published and distributed. Written
coments are invited, ad discussion

Cn-ering thesie meiiLad St~ards
wiil take place at the rnxt Syposin-.

UNHU"Tjll


